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Plano

® Aglomerados de galaxias — motivacao
® Perfil radial de massa

® Descricoes alternativas

® MOND (Gravitacao Newtoniana Modificada)
® Aglomerados: problemas

® Neutrinos massivos

® MOND + neutrinos

® Aglomerados
® Conclusoes



Aglomerados de Galaxias

ABELL 2029 M52137 M51137
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Desde Zwicky .....
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Situacao em 1988 ....®
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Fig. 3 Constraints on the mass distribution in Coma derived from
kinematical and X-ray techniques (h = 1).

DARK MATTER: BOUND TO GALAXTE fOOTHLY
DISTRIBUTED?

Given that the total masses of clusters like Coma greatly exceed their luminous
masses—although by amounts that are still fairly uncertain—it is natural
to wonder whether the drk matter is bound to the bright galaxies (in the

Fonte: Merrit, ASPC (1988)



Hoje

Fonte: Lewis et al (2003)
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Fia. 2.—Left: Total enclosed cluster mass, obtained from the BMBE6 fit [ apen circles) and the power-law fit (open sguares) to the temperature data. The cusp
model for g, was used in both cases. Power-law fits to the mass points are overlaid on both data sets (solid fine: BMB6 T, model; dashed line: power-law T,
model). We have used large open symbols to identify the data points, as some of the error bars are barely visible in this logarithmic plot. The first data points
are also enclosed with a large open diamond to emphasize the large additional systematic uncertainty at this radius (see §§ 3.2 and 3.4). Righr: Total enclosed
cluster mass (data points enclosed with open circles), overlaid with three different mass models: NFWOT (solid curve), power-law ( dashed line), and M99 (dotted
curve). The total enclosed gas mass is plotted as data points enclosed with open triangles. We have also overlaid an estimate of the stellar mass (dor-dashed
curves; see § 5.1). The bottom curve assumes a M« / Ly of 1; the top curve assumes a M« /L of 12, [See the electronic edition of the Journal for a color version af
this figure.]

+ Simulacdes: Fausti Neto et al., MNRAS (2007)



Complexidade central ...

Virgo
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The Bullet Cluster

B'5EM 425 15" 30° 24° 18% 12" B'5EM 425 15" 30° 248 187 12"

1E0657—-58
Weak lensing + Raio-X

Fonte: Clowe et al., ApJ (2007) Exotica x Nao-exotica



Avancos (Nova Fisica...) em
muitas frentes

Espectroscopia Multifibra
Telescopios Raio-X
Simulacoes: Hierarchical Clustering

Estudos Semi-analiticos

a > Wb =

Lentes Gravitacionais

Perfil radial de DM: M(<r)




Distribuicao radial de massa



Distribuicao Radial de DM

®\/ia Raio-X: Equilibrio Hidrostatico

kgT, i I,..ri"ln 2 dInT,,

Mir)= - . |
' pmyG dlnr dinr’

- Ajuste de modelo pre-definido
(Fitting)

- Deprojecao (espacial+espectral)




Modelos parametricos
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Deprojecao

Fonte: Peres et al.,, MNRAS (1998)
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Paradigma da Materia Escura (DM)

The great majority of astronomers now believe that the universe is dom-
iInated by cold, collisionless, non-baryonic dark matter. But despite more
than 20 years of intense effort, no non-gravitational evidence for dark
matter has ever been found:

no direct detection of dark matter, no annihilation radiation from it, no
evidence from reactor experiments supporting the physics (beyond the
standard model) upon which dark matter candidates are based.

We know nothing about dark matter, except for the properties that we
have attributed to it, and also that it is not enough: we need to postulate

an even more mysterious “dark energy” to supplement it.

Aguirre, Julho 2004



MOND



Equacao de Poisson

v (I{IE{_'P) = 47Gp

Para problemas com simetria esférica:
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Extremos ...
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Medindo a massa: Newton e MOND
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Galaxias - MOND

ap = 1.2 x 1078 em.s™

2

Begeman (1992)
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Fonte: Merrit, ASPC (1988)




Log, Dyn. Mass —14

MOND em Aglomerados
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Neutrinos massivos



Hierarquia de massas
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Limites: CMB + LSS

Limite (M, <) Origem dos Dados

10.6 WMAPI

2.0 WMAPI

2.0 WMAP3

2.1 WAMAPI, VSA, ACBAR & CBI
1.6 WAMAPIL, VSA, ACBAR & CBI
3.1 WATAPT, BOOMERANGO3, VSA,

ACBAR, CBI, DASI & MAXIMA

Limite Dados (além do WMAP-1)

12 CMB (preWMAP), 2dF-gal
1.0 + HST, SNIa

1.74  SDSS-gal

0.75 CMB (pre-WMAP), 2dF-gal, SDSS-gal, HST
1.0  ACBAR, 2dF-gal, SDSS-gal
0.6 + HST, SNIa

0.96 VSA, 2dF-gal

1.54  SDSS-gal, SNIa

1.4  CMB, 2dF-gal, HST, SNIa
1.2  CMB, 2dF-gal, SDSS-gal
127 CMB, SDSS-gal

1.16 CMB, 2dF-gal

0.87 WDMAPS3, 2dF-gal




Limites cosmolodgicos

®Pioneiros — Cowsik e McClelland (1972 e 73)
® Classico: Tremaine e Gunn (1979)

® [ imites atuais e futuros:

® Radiacao cosmica de fundo (CMB)
® Estrutura em larga escala (LSS)

Aglomerados de galaxias

° .
C__ ®Tremaine e Glb

® Treumann, Kull, etc..




Limite de Gunn e Tremaine
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Aglomerados

MOND + neutrinos



MOND + neutrinos

® Proposta de Sanders (2003, 2007)

®“Modelo™
® Virializacdo — Gas e neutrinos
® Relacdo de Tremaine e Gunn
Om=2eV
® Obtencao das relacdes observaveis: L-T, etc..
® Disposicao em um diagrama: densid. vs temp.:
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Fonte: Takahashi e Chiba 2007



Diagramas DT

® Problemas

® Amostras? ...Poucos aglomerados

® Ajustes: Utilizacao de modelo-beta

® [ entes: Regiao muito central (< 100kpc)
® \irializacdo incompleta?

® Fluxos de resfriamento ?



Amostra no Raio-X: B55

® Os mais brilhantes aglomerados (brightest 55)
® Flux-limited

® Homogénea: ROSAT + analise

® Objetos proximos e bem conhecidos

® Resolucao espacial: 10”
® Raio pode ser fixado em 500 kpc

® Perfil de massa via deprojecao



Diagrama DT x B55

® Raio fixo: 500 kpc M, = Miot — Mgas

® Contaminacao estelar desprezivel
® \irializacao elevada

® Tratamento homogéneo

® Sem ajuste de modelos pré-definidos
® Ampla variacaoem T

® Sem excecoes!

®Newton e MOND
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p (Mg pc™)
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Ralos-X vs Lensing

® Centro: 50 kpc vs 500 kpc

® Amostras Lensing

® Poucos objetos

® Objetos distantes: projecao + comp estelar
® Determinacao da temperatura

® Bias: Aglomerados massivos

® Complexidade central



Grupos e aglomerados menores

® Angus et al 2007

® Amostra pequena
® Inclusao de grupos (T = 2 keV)
® Relacao: M-T ?:
[n Table 1 we list the masses of the different mass com-

ponents in the sample of clusters, and in Figl] we plot the
MOND dynamical mass of the clusters against temperas

. which uneartiregn intriguing correlation of the form
23401 . fanmm : :
M o T59%%* | whereas Sanders (2007) predicts a relation

of the form M., x T%

\‘\._ Equally significar

we show in Fighlthe total resid-



Cooling Cores?

® Diferenca

entre Cooling

Cores e Non- -1
cooling cores? : ) "

- ) -
_1.5 — " & ® II“ =

® Segregacao
no diagrama
DT?

log(n,) em™3

Fonte: Sanders, MNRAS 2007



p (Mg pc™)
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Conclusoes

® MOND + neutrinos 2 eV — OK.

® Revisao utilizacao do Diagrama DT

®Nao ha diferenciacao entre Aglomerados —
Cooling Core e Non-Cooling Core

® Futuro:

® amostras via Chandra e XMM x Lensing
® Relaxacao violenta em MOND ?



Descoberta a DM ?
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