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O Universo para compreender, ...
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Da maca ao
Universo




Da maca ao
Universo =

SATURN

MARS

& Lo = JUPITER

VENUS

MERCURY

Lei1 da atraccao
Universal:
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I. Newton A graVidade !



Sera que a maca
é elementar?




Ver o interior da
maca 7?7




Mas a luz propaga-se como uma onda ...




As ondas podem difractar-se ...

Se A for da ordem do tamanho do objecto
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SO se podem ver objectos com uma dimensao maior que A !
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O comprimento de onda da luz

Atomo ~ 101°m

: : Ultra- Ondas de Radio
Raios gama Raios-X violeta Infravermelho ‘ Rad IV EM AM
| | | | | I
0.0001 nm  0.01 nm 10nm _I_ 1000 nm 0.01¢cm 1cm 1m 100 m
L S
e Visivel \‘s\‘
2 Regido Visivel do Espectro Eletromagnético i

~ 10-7
Misivel = 107" m
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Ondas e particulas : a Luz

Propaga-se como uma onda

Laser Double slit

Screen Bright spots

Interage como uma particula

Vo = 6:22510° mis

700 nm
1.77 eV 550 nm Vo = 2 08x10° mis
2.25 eV '
400 nm
,

no

O fOtﬁO ! electrons

Potassium - 2.0 @V neadad 10 @@t asctron

Einstein
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Ondas e particulas : o electrao

Interage como uma particula

Propaga-se como uma onda

Louis de Broglie
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Ver com particulas

CERN

~ 1018 m
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J. Maxwell

A Forca electromagnetica

Atracc¢ao / Repulsao

correntes

F .
&o e_qg ondas
% 4 Fq 9 Wavelength Electric field
A
r . /

_ Magnetic]
Direction

FC:KQIzZ
D) - > o

I_';L = qg (E+v®B)

campo eléctrico

campo magnetico

campo
electromagnético
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No interior dos atomos

Atomo ~ 107°m Nucleo 101°m



No interior dos atomos




Varios quarks, muitas particulas !!!
Quarks:

Q=+2/3

Q=-1/3
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Varios quarks, muitas particulas !!!
Quarks:

Q=+2/3

Q=-1/3
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Varios quarks, muitas particulas !!!




A forca forte

Quarks de trés cores:

Ligados por “cordas”
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A forca forte

Quarks de trés cores:

Ligados por “cordas”

Particulas “sem cor

Barioes

Mesoes
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O neutrao deca....

@ e

conservacao E e P 777

3L F.A.Scott, Phys. Rev.48,391 (1935)
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V telectron volts)
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O neutrao deca....

conservacao E e P 777

3L F.A.Scott, Phys. Rev.48,391 (1935)

| | 1 !
y 3 12 I 20 10°

V telectron volts)

Pauli (1930)

O neutrino !!!
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A forca fraca

n —> pev

ANNO IV - ¥VOL. 1 - N. 12 QUINDICINALE 31 DICEMERI

LA RICERCA SC;I;ENTIF
£0D 1L PROGAESSO TECNICO EIQM NAZIONALE
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Q
Tentativo éﬁ,&?xéu@oda dell’ emissione
& d Qfaggi “beta”
\o& %‘Ol ref. ENRICO FERMI

Riessunto: s@m delta emissione des nsgi T delie soitanze radicastive, foodata sul-
nucie)

Iipotess \5“ clestroni _emessi dai pon esistanc prima della disimtegrariome
ma v ormati, isieme ad tn pewtring, ip modo amalogo alla_formazione di
un quany di uce che accompagna un salto quanuco di = atomo Confroato della

teorin con Vesperienza

Nuovo Cimento and Zeitschrift fur Physik
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A forca fraca

n —»> pev @3

A visao moderna !

Um quark d transforma-
se num quark U
emitindo um bosio W

11 « 7
que decai’ num par
electrao, anti-neutrino

ANNO IV - ¥VOL. 1 - N. 12 QUINDICINALE 31 DICEMERI

LA RICERCA SC;I;ENTIF
mn.nocmsomoorméwmow
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Q
Tentativo g??:é}ﬂte@oﬁa dell’ emissione
4 <‘C{aggi “beta”
\O'& %‘Ul ref. ENRICO FERMI

Riessunto: !@ria delta emissione des nsgi P delie sostanze radicattive, foodata sul-

Iipotess L8 tletroni emessi dai puclei o esistano prima della disimtegrazione

ma v ormati, isieme ad tn pewtring, ip modo amalogo alla_formazione di

un quany di juce che accompagna un salto quaniico di = atomo. Confroato della
teoria con Vesperienza

Nuovo Cimento and Zeitschrift fur Physik




O Z°

Parceiro neutro dos W's

28



O Z°

Parceiro neutro dos W's

- DELPHI
- L3 v,
30 - OPAL

| $ average measurements, ,u'f
error bars increased |
hy factor 10

86 88 9% 92 %
E p[GeV]

M,=91.1875 =% 0.0021 GeV/c29



Simetrias !

Globais

Leis de conservacao:
Energia, Momento linear,
Momento Angular
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Simetrias !

Globais

[.ocais M.C.Escher
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Leis de conservacao: Campos de interacg¢ao:
Energia, Momento linear, Electromagnético,fraco,forte,
Momento Angular gravitico???,
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As interacoes

Unificacao e Simetrias (locais)

graviticas

r electromagneticas

_ fracas ¢

— — — — — — - NN o — e —— —
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fortes
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As particulas elementares hoje!

Three Generations
of Matter (Fermions) spin %2

mass -
charge -

name —

Quarks

spin 0

Leptons

Bosons (Forces) spin 1
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As particulas elementares em 1957

Three Generations
of Matter (Fermions) spin %2

n
0
e

V

Bosons (Forces) spin 1

Leptons
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As particulas elementares em 1980

Three Generations
of Matter (Fermions) spin %2

‘b

Bosons (Forces) spin 1
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Mas as Particulas tém massa

em eV/c?

m,, ~ 10-1 m, = 0
m, ~ 500 107 my, ~ 80 10°
m,~ 5 10° my~ 91 10°
m,~ 174 109 my ~ 125 10°

Como € que as massas sao geradas 777

Por ¢ que sao tao diferentes 777

leV ~1.81073%Kg 36



Peter Higgs
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O mecanismo de Higgs

A massa ¢ gerada na interac¢ao com o0 campo



4 Julho 2012: CERN




O Protao

1014 m
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O Protao
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A massa do Protao

M= E mquark’,s

42



A massa do Protao

+ €,/ C?

quarks CAMPO

M=> m

938 ~ ( 15 +  925)MeV/c?

1 MeV/c2~1.81073%g
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O Modelo Padrdo: SU(2), ® U,

Glashow




O fim da Fisica 7 STEPHEN
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A matéria luminosa




A velocidade de rotacao das estrelas perifericas




Rodar em torno do centro da galaxia

observed

expected
from
luminous disk

——
—
.
o — .

R (kpc)

. M33 rotation curve

Um halo de matéria escura!




A matéria escura




A energia escura !
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Diagrama de Huble

i ACCELERATING -
: UNIVERSE G

4 i Broakthvough of the Year

Gold Dataset (157 SNela): Riess et. al. 2004

0 025 0.5 0.75 = 1 125 15 1.75

O Universo encontra-se numa expansao acelerada !!!

Energia escura — anti-gravitica .



A expansao do Unverso
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A expansao do Unverso

‘-

recollapsing
universe

future

present

past

colapso

4 T T

Dark Matter - Dark Energy
affect the expansion of the universe

Relative size of the universe

-10 ) Now 10 20 ) 30
Billions of Years

critical coasting accelerating
universe universe universe
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Fronteiras do nosso (des)conhecimento

_ u c t g H Stong e

O modelo 2 LS Hggs
padra() d S b & e ie

down siranga Dot phatan § _ ol o
Ecyv ~1TeV -
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Olhar o Universo no sec. XXI
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LHC - B CERN
-« Point 8

D T T ATLAS ALICE
Point 1




LHC alta Luminosidade
LHC / HL-LHC

LHC

'z

Run 2

EYETS
13 TeV 13.5-14 TeV

Run 3 4-5

14 TeV 14 TeV

energy

: HL-LHC luminosity
e installation |

150 b |
L~1*10¥cm2s !
25 ns bunch
spacing, pile
up <p>~40
AR

oprang
L~2*10*cm?s ! L~5-7*10* cm2s !
25 ns bunch Luminosity
spacing, pile levelling, pile up
up <p>~60 of up to <p>~140
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Depois do LHC ?

’
7
9
: Schematic of an

80 - 100 km
4 long tunnel
B
s

.
~

~
-

~
(( ﬁchc)) Sopguun®
Aalaz

FCC-hh:
100 TeV pp collider

FCC-ee :
High luminosity e*e” collider

FCC-he :
ep collider

>> 2035 !
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Da Terra aos Céus ...
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Na pampa argentina
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Ralos cosmicos carregados
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Um LHC do tamanho da 6rbita de Mercurio !!!




Mensageiros do Universo
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GW170817

Swope +10.9 h

LIGO
300
LIGO/
Virgo
\
1 8h
IPN Fermi /
INTEGRAL
N
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Neutrino search using inclined air showers
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electromagnetic
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A primeira observagao
“multimessenger”
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— GW (90% CL)
+ NGC 4993
¥ neutrino candidate (IceCube)
¢ neutrino candidate (ANTARES)
s | = === JceCube horizon
= = ANTARES horizon
[ Anger FoV [Earth-skimming)
[ Auger FoV (down-going)
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A primeira fonte de neutrinos astrofisicos
¢ alta energia

Cherenkov

Swift Telescopes —

u i::j“ SN/GRB

pu—

TXS 0506+056

Madison

Delay:
O(min)

3FGLJ0509.4+0541

* Increased sensitivity
for transient neutrino
sources

« Source identification

MAGIC: flare E > 100 GeV

Iridium / C—

. z=0.33
IceCube (A. Franckowiak)
09058, 1333 B
10

TITLE: GCN CIRCULAR
NUMBER: 21916 N
SUBJECT: IceCube-170922ZA - IceCube observation of a high-energy neutrine candidate event 75
DATE: 17/09/23 01:09:26 GMT
FROM: Erik Blaufuss at U. Maryland/IceCube <blaufusséicecube.umd.edu> g
Claudio Kopper (University of Alberta) and Erik Blaufuss (University of Maryland) report on ';‘
behalf of the IceCube Collaboration (http://icecube.wisc.edu/). =

£ 25

=
On 22 Sep, 2017 IceCube detected a track-like, very-high-energy event with a high probability E3
of being of astrophysical origin. The event was identified by the Extremely High Energy
(EHE) track event selection. The IceCube detector was in a normal cperating state. EHE events
typically have a neutrino interaction vertex that is outside the detector, produce a muon
that traverses the detector velume, and have a high light level (a proxy for energy).

25

After the initial automated alert 239856818 270098818 300339818 330578818 360819818 291059818 421299818 451530818 481778818 512019818
(https://gen.gsfc.nasa.gov/notices amon/50579430_130033.amon), more 2008 MET 2017
sophisticated reconstruction algorithms have been applied offline, with the direction refined

FERMI: flare (found 6 days later)

Date: 22 Sep, 2017

Time: 20:54:30.43 UTC

RA: 77.43 deg (-0.80 deg/+1.30 deg 90% PSF containment) J2000
Dec: 5.72 deg (-0.40 deg/+0.70 deg 90% PSF containment) J2000

We encourage follow-up by ground and space-based instruments to help identify a possible ICeCU be 1709922A, pU blications in preparation

astrophysical source for the candidate neutrino.
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montanhas ..

Extensive Air Shower

Cherenkov
Light

IMAGING ATMOSPHERIC
CHERENKOV TELESCOPE

|2A3] Das anoqo 1ybIaH

b

Detectar fotdes no alto das

Incoming gamma ray

Collision with atmospheric
nucleus

Particles from air shower penetrate
particle detectors, interact and are
detected

PARTICLE
DETECTOR ARRAY

----- 1-3 km

Not to scale
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Arranque da colaboracao SWGO 1 Julho 2019

Olhar para o centro da galaxia e para o Universo a 5000 m de altitude
na Ameérica do Sul com um detector de fotdes energéticos
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International Doctorate
Network 1n Particle
Physics, Astrophysics
and Cosmology
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Neutrinos

BBN

Baryon density Oy
0.01 0.02
T

o 0005 003
028 ‘ 235
Yo &
30
02
10-
25|
R
5
1079 = 0|
5
L lg\\ A 5|
R R R PR T
—_— &8 89 L0 9r w2 93 W 95
e - - 4 Energy, GeV

1 2 5 4 s s Tsom
‘Baryon-to-photon ratio 1] x 101

const. offset ~m
y m’
oA
E m,=0eV
> [ . -13
. 2410
5 my=1eV -~ . hi
3 -25 -2 —-15 -1 -05 0 0
E—Ey [=V]

noe

Rrgaison &

K PR L0 4m) e;

A (13 60m) ;
7 @ N i 20 5
s Neutring _é
2508 KEX £

Kanlok Tartizan Tatkaba P

Charged-Current

! o\
‘ ‘ S 7 2 _— ®/ Cherenkov electron
- neutrino deuteron \\“(p)®
] ‘ prolons
Hl 2
ICECUBE

*iceCube Preliminary

— Two Neutrino Spectrum
—— Zaro Nuutrino Spectrum

T tosoltion
29=100" oY

Sum Enery orthe Two Bsctrns ddeV)

Malargue
o

?N;;, hl« . <




Escura

4000 ~

3000 -

i(t+1)C,/2m [uk?]

2000 -

=
g

R (x 10001y)

2 o 10 20 300 1000 1500 2000 2500

Multipole {

AMS 02
(Alpha Magnetic Spectrometer)

\ /
Star Tracker—__ \ > TOF

Uy

Cryocooler

Inb

Vacuum
Case

Producao

oede

ECAL

AMSonlSSforsyea:M o v q’ e" y q’ e'l" y
| ->

R.Becker 09/05/03 Integr

Difusao

70




O Universo para compreender, ...

LR
LT X

Big

| 13.8 Billion Years
) | 1028 cm







NocLEO NEUTRXO

Leptons: Quarks:

Meson =(q q ) Baryon=(qqq)



A massa do Sol

} F_mv
I c ;
mTv2~ m; M

R R?

Mo~ 1.98 100 kg



A velocidade de rotagcao das estrelas periféricas

observed

expected
from
luminous disk

——




Fontes raios gamma de alta energia (TeV)

Source Types

PWN

Binary XRB PSR Gamma
BIN

HBL IBL FRI FSRQ
Blazar LBL AGN
(unknown type)

Shell SNR/Molec. Cloud
Composite SNR
Superbubble

Starburst
DARK UNID Other

uQuasar Star Forming
Region Globular Cluster
Cat. Var. Massive Star
Cluster BIN BL Lac
(class unclear) WR




As bolhas de Fermi

Gamma-ray emissions

\ K i

X-ray emissions

s R 50,000 lightyears
-Milky Way ity

B

oUnr &,




Neutrinos astrofisicos de energia elevada

Ice Cube

ENSHAT Shet LU Fit Astrophysical Fluxes
« Prompt Upper Limit{z, +» ) [1.04x ERS) (on tan of atmasnharic)
61l Conventional (v, +0, | (zenith-averaged) e ¢ o Contained vertex (HESE) *
Pl | [1.07x Honda2006) :
10 w— EHE (‘)(ll!:rnentual Flux 90% Upper Limit et v, Best Fit 3
% s Contained vertex (HESE) “7)
o - best fit* e
|
—’L;\: 10-7 <
* - - >
» IceCube Preliminary
'Il
= |
T e ¢
2
.e"- 10'9
'.‘Q;
10'10
-11 z ; &
101 L - . 7 -
10 10 10 10 10

Neutrino Enerav [GeV1
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The Universe at the highest energies !

-6 |

— e isotropic y-ray high-energy - ultra-high energy

e " background neutrinos = cosmic rays

e . +++++++ (Fermi) (lceCube) “.. (Auger)

w 1007 4 o HESE -
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5 o8 "o,
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