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INTRODUCTION
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INTRODUCTION

Largest bound objects in the Universe:

M ~ 1014 — 1015 M,
R~ 1 Mpc
T,~1-10keV B
L,~10% —-10%* erg/s § g
o~ 700 -800 km/s

(NASA)

Galaxies ~ 5% of the total mass.
Only 15-20% in form of visible matter.
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INTRODUCTION

(Maccio et al. 2008)
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INTRODUCTION

What is the influence of dark energy on
structure formation?

Is the c-M relation affected in some way by

C
H

ark energy?
ow is the c-M relation influenced by the

C
S

ynamical state of the sample?

imulations must be used to study galaxy

clusters properties in cosmological context
with different dark energy models




DARK ENERGY MODELS

e w=-1 mw»  cosmological constant
* w=w(z) wmmmm)» dynamical dark energy
(quintessence)

w = p/p dark energy equation of state




DARK ENERGY MODELS
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DARK ENERGY MODELS

e w=-1 mw»  cosmological constant
* w=w(z) wmmmm)» dynamical dark energy
(quintessence)

Minimally coupled quintessence:

minimal coupling between quintessence scalar
field and gravity, inverse power-law
potential (RP)

(Ratra & Peebles 1988)




DARK ENERGY MODELS

e w=-1 mw»  cosmological constant
* w=w(z) wmmmm)» dynamical dark energy
(quintessence)

Minimally coupled quintessence:

minimal coupling between quintessence scalar
field and gravity, inverse power-law
potential with exponential term (SUGRA)

(Brax & Martin 1999)




DARK ENERGY MODELS

e w=-1  wmmm) cosmological constant
* w=w(z) wmmm)» dynamical dark energy

(quintessence)
Scalar-tensor theories:

non-minimal positive/negative coupling
between quintessence scalar field and gravity,
extended quintessence (EQp/EQnN)

(Pettorino & Baccigalupi 2008)




DARK ENERGY MODELS
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TABLE I. Summary of comrections required to run N-body

simulations in CQ and EQ scenarios.

Correction type CQ EQ
Gravity (AG/G.,) DM-DM 1 +2¢2 G/G.
Gravity (AG/G,) B-DM 1 G/G.,
Gravity (AG/G.) B-B 1 G/G.

ty .
Friction (AH/H) 1-% 1
Mass (Am/m) DM e~ C(¢= %) 1
Mass (Am/m) B 1 1

1.06 T T T T ]

b £240,085 =

1.02 _
1) ]
> 1.00 T 8
° ]

0.98F ™. 8

0.96 — .

: ¢=—-0.072 ]

0.94[ L L L L

0 2 4 6 8 10

(Pettorino & Baccigalupi 2008)




DARK ENERGY MODELS
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PADME SIMULATION

DM-ONLY RUN
* GADGET-3 cosmological N-body simulation

* (300 Mpc/h)?® box resolved W|th
(768)3 particles :

My, = 4.4 x 10° My/h




PADME SIMULATION

Background cosmology (WIVIAP3)

* (),,=0.268
. QO/\= 0.732
* (),,=0.044
* Hy,=0.704
* 0,=0.776
* n.=0.947

_l[ II llll
1.5 F

~ slope=
- zero = 0.878

_I[IIIIIII.[I-_I

WMAP1-ALL

P gy

-0.119™.,

WMAP3-ALL

- L0 ~ ~3

E sIope=—Q 088 S~ 3
“ 4 zero = 0.719.
| | NI A I

+ zero = 0.787 -

[T T T[T T ]
WMAP5—-ALL ]

slope- 0110 T~

-~ slope=-0.104
- zero = 0.917

_Illll]lllll_-l

WMAP1—RELAXED —f—

T siope=-0.083
¥4 zero = 0.769
I 1 1 1 I 1 1 1 I

| L L T
WMAP3—-RELAXED

. 4 slope=
4 zero = 0.830

]lllllll[l_

-0.098

10 12 14
log My, [h™' Mg]

10 12 14
log Mys [h™" Mg

10 12 14
log Myy, [h™" Mg]




PADME SIMULATION

Background cosmology (WMAP3)

¢+ Q,,=0.268

,,=0.732
Q,,=0.044
H,=0.704
0,=0.776
n.=0.947

All the dark energy models are
consistent with WMAP3 data,
and o, is always recalculated to
agree with the CMB




PADME SIMULATION
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PADME SIMULATION

107°F

1077

Nholo [M200m>M] (Mpc_s)

1078

107°

P ...

L lllllll

L lllllll

(De Boni et al. 2011)




CONCENTRATION

Fit of a NFW profile in the range [0.1-1]R,,,

p(r) _ 0c (Poissonian errors)
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THE SAMPLE

All the objects with M, 2 10* Mg /h

The 200 objects with M, closest to
7 x 101 Mg/h

13
5x 10" Mg/h We bin the objects with

13
3x 1013 Mg/h M,y 2 1014 My /h
1013 Mg/h in groups of 200 starting from
the less massive ones




THE SAMPLE
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THE SAMPLE

Complete sample: all the objects

inside a bin

&l
Relaxed sample: objects with X < O.O7RZOOm

Super-relaxed sample: objects wi

X, < median(x,z) and o, . < median(o

Nbins
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THE SAMPLE
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RESULTS

C200dm

A=3.59/4.09/4.52

c-M relation in ACDM @ z=0
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RESULTS

€ 2000m,modet / €2000m,Poisson
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RESULTS COMPARISON

A=3.59/3.60 A=4.09/4.13
B=-0.099/-0.088

B=-0.092/-0.083

ACDM all z=0
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RESULTS

c-M normalization @ z=0

free slope z=0
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RESULTS

c-M normalization @ z=0

fixed slope z=0
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CONCLUSIONS

* The dynamical state of the sample dominates
the normalization and the intrinsic scatter

e For ACDM, RP and SUGRA the normalization
of the c-M relation follows oD,

 For EQp and EQn the effect of the coupling is
to decrease the normalization of EQp and to
increase the one of EQn

(De Boni et al. 2012)







