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Qual a estrutura interna da mateéria?

Quais interacoes regem os
fenOmenos na natureza?
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4 Interacoes

Fundamentais

Weak Nuclear Force

-

Converting protons into neutrons

When two protons collide and fuse, a disruption in the weak nuclear force emits a
positron and neutring, which conwverts one of the positively charged proton to a
neutrally charged Nuetron. Without the weak nuciear force conmverting protons into
nuetrons, certain complex nuciei cannot form.

Releasing radiation

Heawy atoms have an imbalance of
pratons and nuetrons, so the weak
nuclear force converts protons to
nuetrans releasing radiation

Center of Mass s .

" Thie Son and the plarsts 88 ortsl T
& Shared Canter of mass s o
.- £

Gravity forms stars, planats, and moons, and forces these abjects to spin on

an axis and mave alang an orbital path. The planets appear to be orbiting

the center of the Sun, but the Sun and planets all orbit a shared center of mass.
Planets with encugh mass can develop orbiting moons or rings of debris.

Creating energy

Gravity is the force that croates
pressure and fusion energy in
the core of stars allowing them
Lo burn for milions of years

Electromagnetic Force

Forming atoms and molecules

The electromagnetic force pulls negatively charged electraons into bound arbits around
postively charged nuciei to formn atorms and molecules. As a gas cools, electrons will
find thesr way into the presence of atomic nuchei. Larger nucle with a greater positve
charge pull in more electrons until atoms and molecules have a balance of charges.

€
e

Generating light

When a negative electran interacts
with a positive proton, the
electromagnetic force adds energy Lo
the electron generating a photon

Strong Nuclear Force

Binding protons in atomic nuclei

Pasitively charged particies naturally repel each other, 2 takes an extreme amount
of force to hald protons together. The strong nuclear force overcomes the
repulsicn between protons 1o hold together atomec nucles. Without the strong
nuciear force, complex nuchei cannot form

Breaking the bond

Enarmous energy i released as

gamma rays and nuetrinos when
the strong nuciear force is broken
between protons and neutrans




Modelo Padrao da Fisica de Particulas




’
.
.
LR »

. N ’ .. , . .
“ . -~ o A ,' .
.. ’ . A "
x's- c N : . »
. f fz i .’. * .....- % 8
. . '.. dd & P
4 pE . B ;.
- i * '- . k ‘
p s 2 . b 1 - .- * .’
A . | N P S ..‘

. »
.
Y - ~ . .. . )
a'e o A ° - .;

Zoom até o aglomerado de galaxias Abell 315

Crédito: ESO/ Digitized Sky Survey 2
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exploding massive stars

cosmic ray fission
exploding white dwarfs

The Origin of the Solar System Elements
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Evidencias Observacionai
de Matéria Escura
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Evidencias Observacionais
de Mateéria Escura:

As galaxias espirais e
suas rotacoes









Década de 1970

Vera Rubin
Astronoma norte-americana
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No. 2, 1975 ROTATION CURVE AND GEOMETRY OF M3l 343
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Fi1G. 16.—The adopted rotation curve, a composite of optical (Rubin and Ford 1970) data and 21-cm major axis measurements.
The surface density and cumulative mass curves are for a highly flattened model.

The rotation curve and geometry of M31 at large galactocentric distances.
Roberts, M. S.; Whitehurst, R. N. Astrophysical Journal, Vol. 201, p.327 - 10/1975




Dark Matter Halo




Evidencias Observacionais
de Mateéria Escura:

Aglomerados de galaxias



Aglomerado de galaxms Coma
Cerca de 10 000 galéxias, - .

cada uma com b||hoes de est’relas "
- .. 2 3 ‘ -- o .,
i i
’ , / “ " ’
- ; .
.,'

Crédito: NASA / JPL-Caltech /L. Jenkins (GSFC)



Teorema de Virial: estado estacionario

20k + LBy =0
iYi _<U2>7‘h
Comar — e

~300 vezes mais massa que o0 observado



Fritz Zwick Fritz Zwick (1898 - 1974).

1933: calculou a massa total do aglomerado de galaxias
Coma baseado no movimento das galaxias que se situavam
proximas a sua borda.



Evidencias Observacionais
de Mateéria Escura:

Lentes gravitacionais
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Mapeamento de distribuicao de massa em
aglomerado de galaxias via lentes gravitacionais.
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Mapas de matéria escura em aglomerados de galaxias.

Credit: NASA, ESA, D. Harvey, R. Massey



Lenteamento gravitacional por Materia Escura
em Galaxias Elipticas

B
! Laks

J073728.45+321618.5

.

N, »

J095629.77+510006.6

J120540.43+491029.3

J125028.25+052349.0
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J140228.21+632133.5

J162746.44-005357.5

-

J163028.15+452036.2

J232120.93-093910.2

Einstein Ring Gravitational Lenses
Hubble Space Telescope « Advanced Camera for Surveys

NASA, ESA, A. Belton (Harvard-Smithsonian CfA), and the SLACS Team

STScl-PRC0S-32



Imagem da Supernova sob efeito de lente gravitacional
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Original imege by ALMA (ESO/NRAB/NAD.), L C:ak;.aca ([ESC), Y. Hezaven st al | edited and m:;d‘ﬁed__.by Joel Johanssaon.



Evidencias Observacionais
de Mateéria Escura:

Aglomerado da Bala
(Bullet Cluster)
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Credit: J. Wise, M. Bradac (Stanford{KIPAC)



Evidencias Observacionais
de Mateéria Escura:

Galaxia ultra difusa
NGC 1052-DF2



Zoom atraves da constelacao Cetus (Baleia) ate
observacao da galaxia ultra difusa NGC 1052-DF2.

Crédito: ESA/Hubble, Digitized Sky Survey, Nick Risinger



~ (margo 2018)

-

NGC 1052-DF2
~ tamanho da Via Lactea
0,5% do numero de estrelas da Via Lactea

1/400 da quantidade de materia escura esperada!!



Evidencias Observacionais
De Mateéria Escura:

Formacao de estruturas
em larga escala




66 976 galaxias do SDSS



Dark Matter Gas Temperature

redshift : 0.30 stellar mass : 724 billion solar masses

Time since the Big Bang: 10.4 billion years I I_I_U STR IS
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Foto do Telescopio Hubble

= - -~ . - ". - . W 1 .
v, ” e * . 4 _" . g ™ I\
. . - / . o
' i e ;o A ‘
. o i ‘ N
", o v & o
- - . ~
. i’ *\ e )
\ « V@' o . ' G .
L " ’
. . -
R L g, ‘. . :
. i . e » 3
. L] u’\ 2 s . . d ,‘ . ’
. '
» & *a® . -
v - - - g
- : °
-" i .. .‘ - ’.
. o R -
¢ : .- . g & . :
. - - - — - =

- -
¢ g s . L e “’ - .
T . . . ,.® ‘» I "y ."' .
. ... - ¢ . - ! ~‘
\
: N s L
- A . > s . . ¢ - i
~ . ’
. - 3 ' 7 . i
p ' - . v o9 R ’
A - -
s WO &
4 L -~ .. “ . - -
» & y o e, L]
. s . . ) . . e . . =

Simulacao do lllustris

‘.; SR ‘. e B * ey
. - , - »
n . .« -
5 3 .c.' ' ‘ S .. ' -
', e 7 o .
- & ‘ . -
‘& ' “w
. l.’ » 2
\‘ ! ‘8 l.‘..' ..-' ' 4
.
- ! w . -
“ \ -
- .‘
.0’ " - ', ., - e
; . - » ’

N




Evidencias Observacionais
De Mateéria Escura:

Radiacao Cosmica de Fundo
em Microondas
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Crédito: Planck Collaboration: P. A. R. Ade et al., 2014, A&A.
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" (a) Curvature _ (b) Dark Energy

. (¢) Baryons IL (d) Matter

Crédito: W. Hu and S. Dodelson, Ann.Rev.Astron.Astrophys.40:171-216,2002
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Evolucao das densidades de energia no Modelo Padrao

_—

<>

— matéria escura

— matéria bariénica

—— neutrinos massivos
fotons

—— neutrinos sem massa

— constante cosmologica
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Natureza
da Materia Escur




E composta pela matéria ordinaria?




Forca eletromagneética




Forca eletromagneética
Forca forte




Forca eletromagneética
Forca forte
Instavel

- Forces
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Forca eletromagneética
Forca forte
Instavel

_ Forces
>y

Lag pone=-

Mmuito rapidos
muito "quentes’



Antimatéria Neutrinos
Gas

MACHOs

“MAssive Compact Halo Objects”
Anas marrons, anas brancas,
estrelas de neutrons e buracos negros.



5 Max ~2Xx10-41 kg
AXlOnS 50 bilhoes de axions teriam
massa equivalente a 1 eléetron

Buracos negros primordiais

Max ~2x10+3% kg
30 bilhoes de Terras teriam
massa equivalente a 1 BH primordial



Particulas Supersimetricas

photinos, gravitinos, axinos, sneutrinos, gluinos...

WIMPs

“Weakly Interacting Massive Particles”



MSSM R-parity NMSSM

violating

w' Supersymmetry
pPMSSM \ N

C R @ V
Force Carriers '

Sterile Neutrinos

Hidden Sector

Self=Interac
DM

Extra Dimensions

Warped Extra
Dimensions

QCD Axi Little Higgs
xions

Axion-like Particles

Crédito: Tim M. P. Tait

Littlest Higas



Gravidade Escura?
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a particula de Materia Escura
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JinPing Lab:
PandaX,
CDEX

Recent Progress in Search for Dark Sector Signatures
M.A. Deliyergiyev. Open Phys. 14 (2016) no.1, 281-303




Cryogenic Dark Matter Search
Large Hadron Collider

FermilLab
CoGeNT / XENON / DAMA/LIBRA

NASA’s Fermi gamma-ray Satellite
Gamma Ray Large Array Space Telescope

LZ Dark Matter Experiment

(...)






Comportamento de estrelas proximas ao buraco negro no
__centro da Via Lactea I
. g | e L

2009

Crédito: ESO/MPE/M. Schartmann/L. Calcada



Uncovering a gamma-ray excess at the galactic center

Unprocessed map of 1.0 to 3.16 GeV gamma rays Known sources removed

Mapa de raios gama detectados no centro galactico pelo
LAT/Fermi. A direita, raios gama apés remocao de fontes
conhecidas, podendo ter como fonte a aniquilacao de
matéria escura.
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