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A similar plot for 1/¢p coupled cosmologies

all parameters (A in particular) strongly constrained
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Post-linear evolution of density fluctuation
The spherical “ top-hat” collapse

Gravitational instability:

galaxies, groups, clusters from small density perturbation growth

s=L"P (= density field)
P

Perturbation evolution:

linear theory until § << 1 5+228=42Gp5  (Jeans'eq.)
a

But real objects must have 6 >> 1

Insight into non-linear behavior from
spherical inhomogeneity growth
Also used in PS theory -> fair halo MF in sim.
fair cluster MF, other ingred. to get gal.MF




Post-linear evolution of density fluctuation:

The spherical “ top-hat” collapse

Top-hat over-density in SCDM:
Initially expanding with Hubble flow, then
(i) separating from background, (ii) reaching top expansion, (iii) collapsing to 0

R=- %Gﬁm @+s,)R ...as a closed FRW universe

Extra assumption: Virial equilibrium stopping (no heat release)
Assuming mass conservation ....

Energy conservation between

Virial theorem A
turn-around and virialization

: 1) ne L
2T—|—U = 2T+gGMT = 0 + Uta = Uvir +T;ir = EUWV RVir B ERm

. O
Density contrast A, = . ~178

177

A graphycal
description

Assuming
collapse to occur
at present time

40

towrds virial eqgbm

t/10%

R=0.5 R,
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Post-linear evolution of density fluctuation:

The spherical “ top-hat” collapse

Top-hat overdensity in ACDM and uncoupled DE models:

Assuming an homogeneous DE field.....
. Az _
R= _?”G[pm (1+ 5m)+ IODE(1+ 3Wpy )]R

Virial radius
...again from virial theorem and energy conservation but.... R, # ERm

Ax108 - P 1 180
/ T '-‘-‘\Q\ e
4 \ e
G104 |- ; \ N 1680 / ;/
.;\ rl,;:,‘
/ by - kil
.3:..'2' 104 X. - .I'I .
= / R S -},; =% 1 Density contrast
1 — e\ [, —w« | nolonger constant in time
/ n, =03 e
Uﬂ[I‘Iﬂ-2lhlﬂ-I"ﬂ‘ﬂ"'ﬂ‘ﬂ"“‘ 0"‘2 ““““ Bn-a

Mainini, Maccio & Bonometto 2003, New Astron., 8, 173

Coupled Dark Energy (cDE)

Basic equations

Spatially flat FRW universe with:
baryons, radiation, cold DM and DE (scalar field ¢ with potential V(¢))

.\ 2
Friedmann eq. (ﬁj :8?7[G(,or+,0b+,00+,ODE)“2
a

Continuity equations:

Interaction DM-DE parametrized by _

P b +3i(1+3WDE ) P pi :_Cpc¢ or ¢2'+21¢'+a2V,¢=Cpca2
a a

p'c+3%p‘ = _Cpc¢ ﬁpcoca—3e—c¢

4

) a
P +3;pb =0
p Usual egs. for baryons and radiation
). +4—p =0
P, g Py




Coupled Dark Energy 179
Coupling effects: modified DM dynamics

: . Pe < a’e=>m oce
- DM particle mass variation

- Violation of equivalence principle P=0:>X+Ex=0

- Newtonian interactions:

* 4
DM-DM particles: effective gravitational constant G = G(1+§,3 Zj =Gy

DM-baryons or baryons-baryons: ordinary gravitational constant

Coupled Dark Energy (cDE)
Coupling effects: DM-baryons bias

From linear theory:

DM and baryons density fluctuations described by 2 coupled Jeans’ equations:

5 +28, =ar(Gp.5. +Gp,3, )a’
a

5, + : J =4r @ Gp,d, )a’ Linear bias

S5, = b3,
modified friction term  modified source term

N V(@)= —
N-body simulations indicate that the bias o T X
persists also at non-linear level

2

) ."I o I{J 'rl‘a:
Coupling £
Maccid, Quercellini, Mainini, Amendola & Bonometto
2004, Phys.Rev.D 69, 123516




180 Spherical collapse in cDE models

Start with:

-DM and baryons fop-hat fluctuations of identical radius Ry;,; expanding 5 ]95
with Hubble flow

- Fluctuation amplitudes in DM and baryons set by linear theory:

then, consider

set of concentric shells with radii R.¢ (DM) R ? (baryons)

c,b c,b c,b
R" <R, <..<Rpy, ,<..<R,

N C b
initial conditions: R =R’ K, = eri -
| T RTR

Spherical collapse in cDE models:
Time evolution of concentric shells

From T+, =0, using comoving radii b, = RS la and ¢, =R'/a

—— ——G[pc(?c + 0,6, %, p.=p.A+5)

\ 72_ ' Py = p,(1+6,)

modi Egs. in physical coordinates
Usual Friedmann-like equation for baryon shells

.. Arx
R: = _?G[pc + 0, + Ppi (1+3WDE)]R:

stronger ¢ Modified equation for DM shells fied friction term
= Cs~ LR =2 Gl W+ 1)+, + e 0 B )RS




Spherical collapse in cDE models:
Time evolution of concentric shells

-DM fluctuation expands more slowly and reach turn-around earlier
-Baryons contraction at different times for different layers
-Baryons gradually leak out from the fluctuation bulk

As a consequence..... baryon component deviates from a top-hat geometry

i)

logiey./

Spherical collapse in cDE models
Density profiles

logile, ./
®
logi, . )
=

- Top-hat geometry kept for DM
- Deviation from a top-hat geometry for baryons outside Ry,
- Perturbation also in material outside the boundary of fluctuation:

outside Ry, baryon re-infall fastened by greater DM density
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Virialization in cDE models
- Slower gravitational infall for baryons: outer layers of halo rich of baryons

- Gradual re-infall of external baryons onto DM-richer core:
DM layers, initially outside fluctuation, infall with baryons

- DM / baryon ratio however increased

|

No virialization with all the materials
of ariginal fluctuation — and only them

How to define virialization in cDE models?

1 - Only materials within top-hat considered: escaped baryon fraction neglected
2 - All materials inside original fluctuation plus intruder DM considered

but........ any intermediate choice also allowed

Virialization in cDE models

Our choice: 1 - Only materials within top-hat considered: escaped baryon fraction neglected

Virialization condition: 2T(RTH) =R dUg:TH)

Kinetic and potential energies:
T(Ry,) =T (R, ) +T" (Ryy,) = % [ dm i +%jdmbr'2

U(Ryy) = U (Ryy) +U" (Rey) = [ dim [B.(1) + @, () + @ e ()[+ [ i, [,() + (1) + @ ()]

Potential energy made of three terms: self-interaction, mutual interaction, interaction with DE

<I>,.=—4?”G,5,(1+5i)r2 i=c,b,DE ;6,,=0

D, = —%”Gﬁc(lJr 75, )r? DM-DE energy exchange for fluctuation described by G*=yG




Virialization in cDE models 183

Performing integrals...
MM +yAM+M"| 4rx .
l ~ J__GM pDERTZH
R, 5

M \MP+M°| 4Arx
[R ]_?GM prERTZH

U (Ryy) = [ [8,0) 4, () + . ()] -~ 6

Ub(RTH) :J. dmb[q)h(r)+(l)c(r)+chE(r)]: _gG

TH
. 1 . 13 .. iR
T (RTH):EJ.deZ =5sM R " =
...but different baryons layers have different growth rates ==p- i:% not valid for T°(R;,)
r
T'(Ry, ) = %jdmbr'z Y Tr=) %Mf(R,f)z for all R’ < R,
Final density g 0025 0005 ]
contrast U S 0,=0.21, 0,=0.04 ]
1o : .
70 L 1 | 1
o 0.05 o1 015 0.2
B
Spherical collapse in cDE models:
Escaped baryon fraction

T 11—t 11 -Barion fraction f, outside R, at virialization:

op b ——p=03 ]
[ g=0.2 ]
P S—A /]

o1 20%< f,<58% for 0.1</4<0.3

o4 ' A=10° Ge¥ ,
Ag o2 [ [ ---'-""';‘,o’/ .
E s i} | 1 1 | 17
.: [T T T T T T ]
& oo r e ] - Mild dependence on scale A
- o ]
R _ / .

02

Preliminary result:
RP potentials causes just minor
quantitative shifts
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Conclusions on spherical growth

Spherical top-hat collapse model in cDE theories:

Ambiguity of definition of halo virialization:
hard comparing simulations or data
with PS (or similar) predictions

But...indipendently of the way how virialization is defined:

1 - Only materials within top-hat considered: escaped baryon fraction neglected
2 - All the materials inside the original fluctuation plus intruder DM considered

(or any intermediate choice)

Final virialized system is richer of DM
EVEN MUCH RICHER ..... IF OUTER LAYERS STRIPPED

DM-baryons segregation during spherical growth:
a fresh approach to deal with quite a few cosmological problems

large scale: baryon enrichment of large clusters?

intermediate scale: lost baryonic materials as intra-cluster light?
(X-ray, EUV excess emission problem)

systems likely to loose their outer layers because
of close encounters with heavier objects
(missing satellite problem ?)

small scale:




ANDROMEDA
SATELLITES

V. (km,/s) 2 1000 —————————————— .
r ' T T T Eg= ‘ ]
Ir o CDM 1= ]
— ACDM 1 Gimnlated cluatar |
n & MW/ M3 L
= 100 1 [ Simulated galewy |
. - w
E.. _E = E I‘::- E 100 o Virgo closter data _E
= 1= -
L . ]
3 1 2 ]
= 10k | g |
POF
A o - = E 10 =
My - . = ] 7
—3 | .
o i 2 E \{ ]
= i R<400h-"kpe e 1 & E ]
| b= — — Rradoh-kpe S 1 1
E__,, ! 1 1 I. S SN - I —— -
10 50 100 I I . .
¥ (km/=) 0 a1 02 0.9 0.4
> v /¥
o Ehobal
Klypin et al 1999 Moore et al 1999

Where are the
missing galaxy
satellites ?

2 solution: missing satellites did not form
missing satellites are there, but invisible...




186

104 —I—a]l surviving halos 3

1000

N(>v.} (b=t Mpe)s
5

16F

Bullock, Weinberg & Kravtsov 2002 ..
Poplll stars reionize

the Universe at z—-8
Gas infall in low-mass
halos is suppressed

' ' ' ' ' ' after reionization

e cboervable halos (2,>z,)
A MW/ /M3 satellites

Working
only for z(reion) ~ 8
If reionization earlier
mechanism fails
(Maccio’ et al
2005)

1~16 requires z(reion)~18

v, {km/s} MECHANISM NEEDED
TO REMOVE BARYONS
FROM SMALL HALOS

Towards the general conclusion ...

OTHER MECHANISMS TO PRODUCE DM-ENRICHED
SATELLITES ( early SNe to blow out gas ?)

OTHER EVIDENCES OF DM-BARYON SEGREGATION
ON GREATER SCALES
e.g. THE L-T CLUSTER PROBLEM

IN THIS LAST CASE
ASTROPHYSICAL SOLUTIONS PROPOSED
THEIR EFFICIENCY STILL DISPUTED

DM-DE COUPLING PROVIDES MECHANISM FOR
BARYON-DM SEGREGATION

AN EVIDENCE IN FAVOR OF COUPLING
WITHIN THE DARK SECTOR ?
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Argyris NICOLAIDIS

(Theoretical Physics Dept., U. of Thessaloniki,
Greece)

Aspects of strong gravity physics
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Marina RAMON MEDRANO
(Dpt. Fisica Tedrica I, U. Complutense de Madrid,

Spain)

Strings In de Sitter spacetime
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Francisco J. CAO
(Dpt. Fisica Atomica, U. Complutense de Madrid,
Spain; LERMA, Observatoire de Paris, France)

Quantum inflaton and CMB fluctuations
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