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Dark Energy+Dark Matter:~¥95% of density content!
Ordinary Matter: ~5% of density conkent!

What is CDM?: non-luminous weakly interacting
particles (axions, wimps, neutrinos, € <)

What (s DE?: permeates the universe umbformi.j
causing the accelerated expansion of the universe
(A, modified gravity, qum&essemae)«
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density in the present cosmological epoch, as
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1f ik is not accidental = an exchange of enerqgy

is plausible, and therefore a coupling, between
dark enerqgy and dark matter.

Given that we do not khow the nature of either

DE or DM, coupling bebween them is wnot
excluded,

Caupteci models can aliviake the coincidence
problem and have late time accelerating scaling
soluktions
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Conformal and Disformal ﬁOMFLQMSS

In scalar tensor theories, besides a conformal
relation between two metrics:

Juv = C(Cb)gw

Belkenstein deduced the most general relation
compatible with general covariance to be of
%k@ f@]‘m: [Bekenstein, 92]

Juv = C(¢)9uv +D(¢)a,u¢ay¢

C(¢) conformal transformation (preserves angles)
D(¢) disformal transformation (distorts angles)
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Conformal and Disformal couplings

A Disformal COMF’LEV\S among DE and DM
arises naturally in D-brane models in string

theory © coupling is determined by the
theory,

What can tosmotogv tell us aboub such
touptivxgs?



Dark D-brane Model
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© Brane wmotion parameterised by the brane’s
position in extra dimension is identified with
dark enerqy: DBI quintessence

e D-branes wmalter can be identified with dark
matter (massive fields) or dark radiakion

(massless fields).

e Dark Sector arises from same D-brane.



Dark D-brane Model

© A naturally coupled DM/DE emerges: System is
described gv action

S:SEH—I—S¢—|-Sm

Qo g R from 10D action
oy s (5% = Mp? = (2m)"g2/2M2Vs)

Sy = _/d4x\/jg C2(¢) (\/1 it M(a¢)2 G 1) +V(¢) non-standard kinetic

C(o) term from DBI action

Sorv = _/d433 ~ G Lo G disformal coupling between dark
energy and dark matter on the D-brane

(G = C(@)gpv + D(6)0,00, )

(For a specific 10D background and D-brane, C, D have defined forms)



Late time evolution: scaling solutions

Consider FLRW wetbric (9.)  ds® = —dt + a*(t)dz”

® Einskeins and scalar equa%i,cw\s are

1

Hie 5 (s +0),

. 1
H+H2:—6(p¢+3P¢+p+3P),
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o Total energy is conserved V,(I}"+T")=0 but
individual conservabkion equauons are

modified:

p+3H(p+P) = Qoo : D+ SAGE L Wl A0
po +3H (pg + Py) = —Qo ¢ pp +3Hps(1+ w3 ') =0
? eff QO¢ oSl I Qoo
wibh W ENEE pr s g e TN
Uikl o DDM redshifts slower than a
wsz > W DE has less accelerating power
Wl > 0 DDM redshifts faster than ds

w;f i< DE has more accelerating power



o Total energy is conserved V,(T}"+T")=0 but

individual cownservakbkion equa&ioms are

modified:
p+3H(p+ P) =Qo ¢
ps + 3H(py + Py) = Qo ¢

Qoo

wikh W 3ty

when (yef7f :w;f‘f < —1/3

[ p+3Hp(1l+ w7 =0

po +3Hpy(1+ w3 ) =0

LR Qo

accelerating scaling solution



Expi.i,c:i& exam[ai.e: AdSs

o Scaling late time solutions can be

found for

& i el (G 12 S V =Vp ¢

4 )
g ¢
ﬁd geometry

Fhis ﬂﬁerSPOV\dS to a D3-brane moving th ah

bulk
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The resulting fixed points for AdSs are:
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2
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Other cases:

» for C'=1/D = h = const. with inverse power law potential

Qg kan ont Wtot Y Stability
Mati.:er 1 0 0 0 Any Unstable
Dominated
Potential 0 0 1 -1 1 Saddle
Dominated
2
Matter 2 0 —1+ V143l B (1 — VI+3T) O Saddle
Scaling 14+ 1430 V3l 3l
: : 2
Kinetic . 2 —1++/1+30 (1-—\/1%—3Ib) OO Attractor
Scaling 14+ +/1+ 30 V3T, o 3T,

Accelerating solution: w < —1/3 — F() > 1




Early time effects?

¢ Dark D-brane model qood candidate for late
tinme evolution,

° How about effect in early universe expansion?

o Departures from standard cosmology can arise
due to the different expansion rate, 7,
cég.&@.rmimec{ bv scalar evolution
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° How about effect in early universe expansion?

o Departures from standard cosmology can arise
due to the different expansion rate, 7,
cég.&@.rmimec{ bv scalar evolution

e.9. impact in DM relic abundances

[Kamionkowski, Turher, 90]
[Salati, ‘03; Rosati, ‘03]
[Profumo, Ullio, ‘03]
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o A conformally coupled DM/Quintessence model
was considered by Catena et al. SN g
[Lahawnas ek al. ‘0&]
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Particles which were not considered suitable to
F’i’&? Qa signi{ican% role in CDM scenarios can be
rescued because of their emhanced number
c&emsiﬁv‘

While particles (regions of the parameter space
for given WIMP candidate), which in usual GR
scenarios are promising CDM candidates, would
be excluded because their boosted number would
overclose the Universe.

What can we learn about Dark D-brane models
of «t::oupi.eci DM/ DE?



Suvm mary

® Cc—upl&d DM/ DE models are akbractive solukiown
to coincidence probi.em

o Disformal coupling between D-brane wmatter
and DE offers an interesting possibility:
coupling is dictated by theory

© Assessing early time consequences important
for DM searches and to comstraint parameters
of Dark D-brane model




