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"Overview

e |[ntroduction

e Interacting dark energy
— Gravity
— Cold dark matter
—Neutrinos

e Conclusions and future prospects
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Q S
Hopes and troubl

/M4 ~ 6.5 x10-121

P /M4~ 3.5 x10-1%L
Quintessence

— 1
Wetterich 1988, M = 2.44x1018 GeV
Ratra & Peebles 1988

Why so small?
Why important just today?

Solutions are independent
Steinhardt, Wang and Zlatev 1999, on the initial conditions for

¢ and ¢’

Liddle & Scherrer 1999

Details depend on V(¢) or on the Kkinetic term
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Interacting dark e |

The stringent difficulties of
quintessence models and the
%i_ lack of a clear explanation of the
dark issue, encourage to pursue
new ways of approaching the

Dark Energy problem
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The interaction keeps the dark energy density
closer to matter fields
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Interaé%ing Dark E

e Coupling to gravity B :
— Cosmological bounds [Perroita. BaccigeDISY

L ; [Riazuelo Uzan 2002]
—role In CIUSterlng? [Pettorino, Baccigalupi 2008]

and references therein

e Coupling to dark matter [Wetterich 1995]

- [Amendola 2000, 2004]
i cosmologlcal bounds [Mangano Miele Pettorino 2005]

— role In clustering? [Qt[JSrtin eia: 2882}
ean eta

e Coupling to neutrinos [Fardon etal 2004]

— I [Afshordi etal 2005]
Cosmologlcal bounds [Brookfield etal 2007]

— role In clustering? [Amendola etal 2007]
[Wetterich 2007]

[Mota, Pettorino, Robbers, Wetterich 2008]
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8 " B
The temptation to explain the Dark
Energy contribution and the
N cosmological acceleration via a
- modification of gravity through
extensions of General Relativity like
scalar tensor theories
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. LY T,
V\7ey| scaling

Coupling a scalar field to gra

1

GR + coupling to all matter fields

m(¢) = mge

The coupling to baryons is constrained

Valeria Pettorino, ITP Heidelberg LBNL, 5th November 2008




radiation
S

Pq nmc power law
matter

Pg PLC

cnerlytical Rboost RDE [exp)
cnerlytice] Rboost MDE [exp)

quintessence

—

Anlyticwost

2 164G
R
167G

Mo

F(OR__R exp(§(¢—¢o)]

NS (/)R = "+ 54°R

[Pettorino, Baccigalupi, Mangano 2004]

Attractor solutions [Pettorino, Baccigalupi, Perrotta 2005]
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Linear perturbatio

Formally the same equations
as in GR but...

!.'.l".
r T }.‘-':,'.f'
-'r':.:‘. £ = ]
5 Jéd

[Pettorino, Baccigalupi 2008]

...with an effective gravitational ‘constant G

 (2F + 3F2%,) 8@F
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Projection effect

DEfast
an implementation of
CMBfast which allows to
study minimal and
non-minimal coupled
quintessence scenarios.

[Baccigalupi etal 2000]

Larger LISW

It takes into account the gravitational redshift (blueshift) of photons climbing out
time varying gravitational potential wells along the line of sight when DE occurs to
dominate
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Relevant effects at the non
linear level might be
observable
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. L,gm = 300 Mpc/h, n,p — 9 x '"6?33 kpcfh
:> mDM = 3.7 x 10°M.. 5/h and M., = 3 x 108 M. /h

e i
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B%Ckg roun

: : . “
Consider dark energy as a quintessence scalar fi

¢'2 [Rhatra a.md Peebies 15-988]
+V(¢)

,0¢ 23 a2 [Wetterich 1988]

coupled to a species whose mass is now function of ¢

[Wetterich 1995]
[Amendola 2000, 2004]
[Mangano, Miele, Pettorino 2005]
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Pattern for the backg
similar to extende
quintessence

Non negligible amount of
dark energy In the past
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) ;;}':;L_J + 3H(dp s+ 0ps) + khgvy + 3hy® !

dpl. + 3Hop. + kpove + 3p. D’

hs“ + ( s+ 4Hhg ) s — kdpy — khyWP
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Constraints to the
coupling from CMB
data f < 0.1 (for a
constant coupling)

[Bean etal 2008] =

WARNING:
constraints for constant
coupling models

—0.10
0.0 0.1

[Bean etal 2008]

Implementation of CMBEASY

to include general coupling Monte Carlo analysis in progress!
mass function m(¢) [Robbers, Pettorino]
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Recipe for N-body

Extra interaction between cdm particles, medi
quintessence scalar field

1. Effective gravitational G i TGy
Interaction between DM
- M
particles DM DM
2. The of DM particles varies G I I G
3. An extra term is Q G Q
M
present
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Nbody simulations

M.Baldi, V.Pettorino, G.Robbers
INn preparation, very soon to come!

- i

- —

S

Lbox =80h~'Mpe | me(z —0) ~ 2-10°h "M,

W= BB F my B 10" h ="M,
e, = 3.50 'kpc z; =60

All the corrections have been implemented in GADGET

[V.Springel 2005]
e | ess steep density profiles
e L ower halo concentrations
e Scale dependent bias between baryons and cdm
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Results: density pro

e The inner density
M decreases with
RP2 i increasing coupling
both for cdm and for
baryons

1 IIIIII.I-..r

T I.IIII_.|

Results in contrast
with Maccio etal 2004

3
o [T IIIII|

Baldi Pettorino Robbers

. . More on scale dependent bias
In preparation

and halo concentration...
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Results: density profilé

Halo Density profiles for COM and baryons for Group nr. (
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Baldi Pettorino Robbers Maccio etal 2004
In preparation
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Note that...

CQ with C = 0.06
......... CQ with C = 0.1
_ _ _ _ EQwith £ =0.21
EQ with £ = —0.19 RUTRTIeE

[Pettorino, Baccigalupi 2008]

In constant coupling CQ the effective gravitational constant is
always stronger than G
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Growing neutrino
quintessence
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Interaction with neut

Coupling to neutrinos

can have a significant
Influence In cosmology

(Wetterich 2007)
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LT MAVANS: Fardon etal 2004, Afshordi etal 2005,
| Bjaelde etal 2008, Brookfield etal 2007, ...

E 1_;__% Growing neutrinos: Amendola etal 2007,

’é«{ﬁ?«? Wetterich 2007, Mota etal 2008, Brouzakis etal

2007
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Exponential potential ™ .

= V(¢) = M* exp(- ap)

e Solutions independent of
the initial conditions

e DE scales as a constant
fraction tracking the
background:

Q= n/o?
with n = 3(4) in MDE (RDE)

Need a cosmological event that triggers the end of the
attractor era
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Pl =—3H(1 +wy)py + D (1 3W,) py

¢" + 2HP + a* — = a*B() (p,><3py)
de

[)]/, = —3H(1 + W1)01 — [3((}5)4_')' (1= 3W1)ﬂ1

.

PN Neutrino mass grows (B <O)

do 1

Neutrinos become non relativistic

m, = mye" B(p)p
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()

[):, = —3H +wy,)py — ﬂ(¢)¢’(1 — 3wy) 0y

-

PN Neutrino mass grows (B <O)

m, = im,e P®¢

B¢) = —

do

-

Neutrinos become non relativistic

-

The coupling to DE turns on and almost stops ¢

.

Acceleration
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Dark energy - neutrino con

1

e Dark energy and neutrino properties are
related

The present amount of DE is set
by a cosmological event and not
by ground state properties

DE-v fluid equation of state
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Linear perturbations

A
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(Mota,Pettorino,Robbers,Wetterich 2008)
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(Mota,Pettorino,Robbers,Wetterich 2008)

e Neutrino structures
become non linear

— DM

atz — 1 for — ¢

.+ DM (ACDM)
supercluster scales PN,
~20Mpc
C——————
® At Sma” Scales superclusters
neutrinos reduce CDM

structures

e Stable neutrino lumps
(Brouzakis etal 2007)
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e Linear analysis Is not
sufficient. The gravitational
potential is not realistic and can
lead to a huge ISW in CMB.
However...

e There aren’t many neutrinos!

e If they distribute more or less
homogeneously in more lumps, the
gravitational potential can be
significantly reduced

Essential to have a knowledge of the realistic
gravitational potential due to the presence of a
distribution of virialized neutrino lumps
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Non linear evolution of the primordial

/\/overdensities driven by the fifth force

N.Wintergest, V.Pettorino, D.F.Mota, L.Schrempp, C.Wetterich

e Use data to constrain the coupling ] _and CM B

(or the neutrino mass)

SNae bounds in Rubin etal 2008

E.Carlesi, D.Mota, V.Pettorino, G.Robbers, C.Wetterich

...first results are encouraging
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Monte Carlo analysis necessary!
E.Carlesi, D.Mota, V.Pettorino, G.Robbers, C.Wetterich
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Interacting Dark ;
Linear
Energy
~ data analysis
Gravity \ of Nbody in
progress
coming soon:;
S \/ Baldi etal
Neutrinos \ i

Investigation
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Conclusions for DE - r

e When neutrinos become non relativistic
activate the coupling. :

e Transition from attractor to an almost static dark
energy, independent of ground state properties.

e Neutrinos first cluster at z — 1 at supercluster
scales and beyond.

e At small scales, neutrinos don’t contribute to the
clumping but they reduce cdm structures.

e Detection of such a population of large scale
structures via gravitational potential or correlation
with CMB can be an indication for a new attractive
force stronger than gravity.
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Future prospe

e Non linear features of intera
dark energy models

e Data analysis of N-body simulations
e Cross correlation with CMB

e Applications and forecast for future
dark energy missions

NASA
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