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De que trata a Fisica de Particulas?

A Fisica de particulas € um ramo da Fisica que
estuda os constituintes elementares da matéria e
da radiacao, e a interacdao entre eles e suas
aplicacdes. E também chamada de Fisica de altas
energias, porque muitas particulas elementares
sO podem ser criadas a energias elevadas, logo a
deteccao destas também é possivel apenas a
altas energias de aceleracdo. O elétron e o
proton foram as Unicas particulas aceleradas até
os dias de hoje, outras nunca foram detectadas
(como o grdviton) e as restantes foram
detectadas através da radiacdo cdsmica (como o
méson pi e o méson mu).

A Fisica de particulas, estudada pela Mecanica
Quantica (parte da Fisica Moderna), busca o
fundamental, o nivel mais basico da matéria e da
Natureza. Todo o nosso mundo Vvisivel se
fundamenta nesse nivel invisivel das particulas
elementares.
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De que trata a Fisica de Particulas?

“Todo 0 nosso mundo visivel se fundamenta
nesse nivel invisivel das particulas elementares.”
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De que tratam estas aulas 2

- Particulas e interaccoes
- Asrevolucoes da Fisica no sec. XX

- A teoria do “"quase-tudo”...

ASECEL L L L\ PG4 | L1 WY

-  Porqué “quase-tudo” ¢
CONCENTRADO PF
_ PARTICULAS

IMPOSSIVEL SER RIGOROSO E PROFUNDO

MAIS DE 100 ANOS DE IDEIAS, TEORIAS, DESCOBERTAS ...
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O ADEUS AOS DEUSES. ATOMOS E ESPACOS VAZIO

Tales de Mileto (624-547 A.C.)

Tales de Mileto foi pioneiro no que respeita a procura
da origem das substdncias e suas fransformacoes sem
recorrer a entidades divinas (mitologia).

Leucipo e Demécrito (500-400 A.C.)

dtopog Atomo .
Indivisivel g ? i‘g,é
&

A matéria € composta por algumas espécies de
atomos fundamentais, que diferem na sua forma e <,
tamanho, e por espaco vazio.

A complexidade da Natureza é o resultado das inimeras combinacg6es destes atomos
e das suas posi¢oes no espaco vazio.
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O ADEUS AOS DEUSES. ATOMOS E ESPACOS VAZIO

Atomismo baseado no raciocinio abstrato e
filosofico. Mas...

A ideia de que a matéria € constituida por unidades
discretas estd na base da Fisica moderna.

1-2 Matter is made of atoms

If, in some cataclysm, all of scientific knowledge were to be destroyed, and only
one sentence passed on to the next generations of creatures, what statement would
contain the most information in the fewest words? I believe it is the atomic
hypothesis (or the atomic fact, or whatever you wish to call it) that all things are
made of atoms—little particles that move around in perpetual motion, attracting
each other when they are a little distance apart, but repelling upon being squeezed
into one another. In that one sentence, you will see, there is an enormous amount
of information about the world, if just a little imagination and thinking are applied.

In “Feynman lectures on Physics”, R. Feynman, 1964.
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A nossa “tabela periédica”

Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

i force carriers
FERMIONS n<v2 550, .. BOSONS pin-o0, 1.2, ..
* Quarks sin-12 Structure within

Quark
Size <1079 m
electron | <1x10-8
neutrino

electron |0.000511 Nucleus Electron Color Charge
Size ~ 104 m Size < 108 m Each quark carries one of three types of
muon <0.0002 | C charm = “strong charge,” also called “color charge.”
neutrino | These charges have nothing to do with the
e colors of visible light. There are eight possible
muon 0.106 | S strange types of color charge for gluons. Just as electri-
T = Neutron cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
tau i t top and _tlcles ingerad by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
neutrino Proton interactions and hence no color charge.
tau . b bottom At Size = 10-'5m Quarks Confined in Mesons and Baryons
°""O One cannot isolate quarks and gluons; they are confined in color-neutral particles called
Size = 107'%m hadrons. This confinement (binding) results from multiple exchanges of gluons among the
Spin is the intrinsic angular momentum of particles. Spin is given in units of i, which is the color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
quantum unit of angular momentum, where h = h/2r = 6.58x10725 GeV s = 1.05x10734 J s If the protons and neutrons in this picture were 10 cm across, gy in the color-force field between them increases. This energy eventually is converted into addi-
then the quarks and electrons would be less than 0.1 mm i tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into

2 I T 3 A size and the entire atom would be about 10 km across,
Electric charges are given in units of the proton’s charge. In S units the electric charge of

the proton is 1.60x10~'¢ coulombs.

hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in
nature: mesons gq and baryons gqq.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec- Residual Strong Interaction
tron in crossing a potential difference of one volt. Masses are given in GeV/c2 (remember The strong binding of color-neutral protons and neutrons to form nuclei is due to residual

E = mc?), where 1 GeV = 109 eV = 1.60x10- joule. The mass of the proton is 0.938 GeV/c? strong interactions between their color-charged constituents. It is similar to the residual elec-
67x107%7 kg. trical interaction that binds electrically neutral atoms to form molecules. It can also be

PROPERTIES OF THE lNTERACTIONS viewed as the exchange of mesons between the hadrons.

Re ual Stri

_ All Quarks, Leptons Electrically charged rks, Gluons Hadrons

(Gravitonr w+ w- 20 Gluons Mesons

et observed,

25 Not applicable

60 to quarks

Not applicable

to hadrons 20

070 +
Pipi=r=Z=Zy " *soied hadions The Particle Adventure

Visit the award-winning web feature The Particle Adventure at
http://ParticleAdventure.org

Matter and Antimatter
For every particle type there is a corresponding antiparticle type, denot-

ed by a bar over the particle symbol (unless + or - (harge is shown). N hadroné / i ’
Particle and antiparticle have identical mass and spin but opposite This chart has been made possible by the generous support of:
charges. Some electrically neutral bosons (e.g., 2% v, and n, = ¢, but not N\ quarks & U.S. Department of Energy

h
KO = dg) are their own antiparticles. adions U.S. National Science Foundation

\ Lawrence Berkeley National Laboratory
hadrons Stanford Linear Accelerator Center
American Physical Society, Division of Particles and Fields

BURLE INDUSTRIES, INC.

at high energy can ©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-

and tron p hadrons plus very high mass tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
A neutron decays to a proton, an electron, ) g at high e such as Z bosons. E uch as this Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
and an antineutrino via a virtual (mediating) 0 pro A a are but can yield to the materials, hands-on classroom activities, and workshops, see:

son. This is neutron B decay. http://CPEPweb.org

Figures

These diagrams are an artist's conception of physical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.
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Particulas

. force carriers
FERMIONS s s BOSONS sin-o.1.2. ..

Leptons spin = 1/2 Quarks spin = 172 Unified Electroweak spin =1 Strong (color) spin = 1
: A ) : :
Sl Mass2 Electric Flavor Rn';r;x Electric Name Mass Electric Name Mass Electric
GeV/c®  charge Gev/c2 Ccharge GeV/c?2  charge GeV/c2  charge

Y
photon

Spin=0

v, electron | <qy10-8 0.003 2/3
neutrino

€ electron |0.000511 0.006

muon
. h 1.
M neutrino C charm 3

M muon : S strange 0.1

p_ tau ! tt 175 2/3
T neutrino op

T tau . b bottom 4.3 -1/3

Baryons qqq and Antibaryons gqq Mesons qq

Baryons are fermionic hadrons. Mesons are bosonic hadrons.
There are about 120 types of baryons. There are about 140 types of mesons.

Quark Electric Mass

Quark  Electric  Mass
content charge GeV/c2

content charge GeV/c2 Spin Spin

Symbol Name Symbol Name

H

A

D

2 [
C"’) proton
E

S

neutron

lambda

omega
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Interacgoes

|

“ Quarks, Leptons Electrically charged Quarks, Gluons m

Graviton =
rotumemeneg | W* W~ Z0

10-41 ; 25 Not applicable
10-41 60 to quarks
Not applicable
-36
10 to hadrons 29

For¢ca Electromagnética (y)

Forca Forte (Q)

Forca fraca (W, W, Z9)

w* W~ - Correntes caregadas

Y,7° - Cormentes neutras
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Structure within
the Atom

Quark

Size <10719m

Electron

Nucleus ;
Size <1078 m

Size = 107¥m

Neutron
and

— £
| g

Atom Size=10"""m
Size = 10°19m

O 4dtomo

If the protons and neutrons in this picture were 10 cm across,
then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.
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Pictionary (Diagramas de Feynman)

i > Fermides e anti-fermides (leptdes e quarks) )
MMV Bosdes de gauge (W*,Z°,)
----- »--=-== Particulas escalares (h?)
YVTBBBUBBOS Gludes (Q)

L y,

Filipe Joaquim

Exemplos de acoplamentos Exemplos de processos

D
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Pictionary (diagramas de Feynman)

Mais exemplos...
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Pictionary (diagramas de Feynman)

{013
11723

010

DDP Bles
DRV SIN
i b

10
010
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Filipe Joaquim

Tudo (ou quase) numa chdvena

FUNDAME - = RACTIONS

FERMIONS

TION TO
ARY PARTICL™
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Tudo (ou quase) numa chdvena

= Full EW 2-loop
= Z-partial widths at 1-loop

O MODELO PADRAO ESTA DE
ACORDO COM (QUASE
TODOS) OS RESULTADOS

EXPERIMENTAIS A

~ 2.50

(0 -0, /o,
fit =
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