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AS NUVENS DE KELVIN

ONineteenth-century clouds over the dynamicaltheory of heatandl ECE 06
Publicado naPhilosophicalMagazine 2, p. lem 1901

@\ beleza e a claridade da teoria dindmica, que coloca calor e luz como modo
movimento, estpresentemente obscurecida por duas nuvens
A Que nuvens eram essas?

A Incapacidade de detectar o Etemmp  Origem da teoria da relatividade.
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ETER E A RELATIVIDADE |

A Leis de Newtonmsp Leis da fisica sdo invariantes para um dado referencial
inercial.

A Eletromagnetismo =  Dois observadores com velocidade relativa entre si
observam efeitos de origenelétrica ou magneética.

A Lorentz msp propde o Eter, que seria responsavel por @mcurtamento espaciag
umadilatacao temporal

Experimento de Michelson -Morley n&o encontrou qualquer evidéncia de
existéncia do éter.




ETER E A RELATIVIDADE II

A Albert Einstein descarta a nogéo de éter e de referencial absoluto e ressalta duas
propostas fundamentais validas para as leis da mecanica e do eletromagnetismo:

A Velocidade da luz é sempre constante;
A As leis da fisica sdo as mesmas independente da escolha de um referencial inercial.

A Relativittadié-aspeaial lde-10055:

Principio da relatividade: as leis da fisicando sdo afetadas se a medida é realizada em §

um referencial Aou em um referencialB que se move com velocidade relativa constante
com relagao aA.

Principio da invariancia da velocidade da luz: a luz sempre se propaga com velocidade
c independente do estado de movimento do corpo emissor.

Espaco etempo, agora, sao relativos ao observador e ndo mais uma moldura onde se
desenrola o0 movimento.




CONSEQUENCIAS DA RELATIVIDADE |

E=mc E =omc?

Equivaléncia entre massa e energia para um Equivaléncia entre massa e energia para um

COrpo em repouso cCorpo em movimento




CONSEQUENCIAS DA RELATIVIDADE I
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A Consequéncias diretas do principio da relatividade:

1. Nenhum objeto com massa podter velocidade igual ou superior a velocidade da luz. 1%

2. Sendoc = 300.000.000 metros por segundo, massa concentra uma grande quantidaq
de energia.



CATASTROFE DO ULTRAVIOLETA ..

classical theory
(5000 K)

A Emisséo de radiacio eletromagnética de um corpo em equilibrio -
térmico com o ambiente, ou corpo negro.

intensity (arb.)

A Para baixos comprimentos de onda, a teoria classica ndo explica a
intensidade da radiacéo.

4000 K

3000 K

I I T | I T 1
0 500 1000 1500 2000 2500 3000nm
wavelength (nm)

A Solucéo: Albert Einstein e oguanta de Max Planck

A A energia associada & emisséo de radia¢ido ndo é uma grandeza classica
proporcional a frequéncia dosguantas(ou fétons) que compdem a radiacao

E=1Is

A h é a constante dd”lanck.




MECANICA QUANTICA
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Principiodaincerteza

Werner Heinseberg
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NUVENS DE KELVIN NO INICIO SECUXX

LK
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EQUACAO D

PDIRACI

I Mecanica Quantica d&chrodingere Heisenberg‘

Teoria quantica de campos e equacao de Dira

C

T

b

Equacao de Dirac para c

elétron
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JIRACII

EQUACAO D

A Solucéo da equacio de Dirac:

0 Jn i 3 A
A A solucdo da equacdo de Dirac aceita energias com valores negativos!

A Apés trés anos pensando sobre seu resultado Dirac argumentou:

"... an electron with negative energy moves in an external [electromagnetic] field
though it carries a positive chargé O

A Primeira previsdo da existénciade umaantiparticula em 1928: positron.
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POSITRON OWANTIELETRON

A 1932 Carl Anderson: descoberta experimental do pésitron, que tinha a

mesma massa do elétron porém com carga oposta. TR,
A 1955 Emilio Segree Owen Chamberlain: descoberta experimental do e
antiproton. Gl s N e e

A 1956 Bruce Cork: descoberta experimental dantinéutron.

A Generalizado a equacéo de Dirac, para cada particula de matéria temos ';‘ b i

outra de antimatéeria. R
B\ T ALY ;&"?a
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COMPOSICAO DA MATERIAANTIMATERIA

d |
Anu

A Toda matéria eantimatéria € composta porquarksou
antiquarks.
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INTERACAO ENTRE MATERIA ENTIMATERIA

The Standard Model and the Higgs boson
A Forcas microscopicas séo transmitidas através de particulas
chamadas bésons. il Dot

Quarks
Diagrama de Feynman charm

Force
carriers

Neutron Proton

down >(, ge  bottom
Leptons . . .

merican
Created _
, @D\
Vp _ e~ t ; Annihilate

(a) Sourcar AAAS
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O MODELO PADRAO DAS PARTICULAS
ELEMENTARES

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.”

» force carriers
FERMIONS 22035555 BOSONS -0 15 ..
Quarks s.'ain =iy Strong (color) spin = 1

Mass  Electric
GeV/c?  charge

Structure within |
the Atom

| Unified Electroweak spin = 1

Leptons spin = 1/2
Mass. Electric

ot . Mass
Flavor caviee

Flavor Otiatk Name ‘Name
Size < 10-19m

electron U up
neutrino

electron |0.000511

muon <0.0002 |
neutrino

muon 0.106

Electron
Size < 108 m

Color Charge

Each quark carries one of three types of

“strong charge,” also called “color charge

These charges have nothing to do with the

colors of visible light. There are eight possible

types of color charge for gluons. Just as electri-
cally-charged particles interact by exchanging photons, in strong interactions color-charged par
ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
interactions and hence no color charge.

d down

C charm

strange

tau <0.02
neutrino

tau 1.7771 Quarks Confined in Mesons and Baryons

Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the
quantum unit of angular momentum, where h = h/2r = 6.58x10725 GeV s = 1.05x10734 J 5.

Electric charges are given in units of the proton’s charge. In SI units the electric charge of
the proton is 1.60x10~'9 coulombs.

Atom

Size = 10719m

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.

One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the
color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
gy in the color-force field between them increases. This energy eventually is converted into addi-
tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into
hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in
nature: mesons g§ and baryons qqggq.

Residual Strong Interaction

The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. It can also be
viewed as the exchange of mesons between the hadrons.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c? (remember

2), where 1 GeV = 109 eV = 1.60x107 ' joule. The mass of the proton is 0.938 GeV/c?
= 1.67x107%7 kg.

PROPERTIES OF THE INTERACTIONS

Gravitational

Mesons qf
- Mesons are bosonic hadrons.
There are about 140 types of mesons.

Baryons qqq and Antibaryons Gqq
 Baryons are fermionic hadrons. A
There are about 120 types of baryons.

| Quark  Electric
ten arge

See Residual Strong Qu-rk Electric Mass.
Ir 1 Note Bysbol """ «content | charge | Gevic?

Acts on:
Pa'aévexpeihndngz All P,
il Panldos mediating : AN w+ w- z° Y
Strength relative to electromag [10-18 m 10-41 08 .
for two u quark: Sl b il :

1

for two protons in nucleus 1036 107

Mass — Energy Flavor Electric Charge Color Charge

Hadrons
e

K-
+

Electrically charged Quarks, Gluons

Gluons Mesons

25 Not applicable
60 to quarks P

Not applicable 0
to hadrons 20 B
e

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

p p —= Z0Z0 + assorted hadrons

Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denot-
ed by a bar over the particle symbol (unless + or - charge is shown).
Particle and antiparticle have identical mass and spin but opposite
charges. Some electrically neutral bosons (e.g., Z9, v, and n, = cc, but not
K@ = ds) are their own antiparticles.

W 298
hadrons/

This chart has been made possible by the generous support of:
3 U.S. Department of Energy
Q U.S. National Science Foundation
w- < Lawrence Berkeley National Laboratory

Figures 3 Stanford Linear Accelerator Center
These dingraiis aie ar arIsUs conception oF pRYSISI processes, Thay are a N\ American Physical Society, Division of Particles and Fields
not exact and have no meaningful scale. Green shaded areas represent \ BURLE NDUSTRIES, INC
the cloud of gluons or the gluon field, and red lines the quark paths

9 9 . a s Two protons colliding at high energy can ©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
produce various hadrons plus very high mass tion of teachers, physicists, and educators, Send mail to: CPEP, MS 50-308, Lawrence
particles such as Z bosons. Events such as this Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text

e are rare but can yield vital clues to the mate: Is, h.mds on classroom activitie: S, St

MG RS http://CPEPweb.org

An electron and positron =0
(antielectron) colliding at high energy can B
annihilate to produce 760 and B9 masons

via a virtual Z boson or a virtual photon.

A neutron decays to a proton, an electron,
and an via a virtual
W boson. This is neutron [§ decay.




ORIGEM DO UNIVERSO E A CRIACAO DE MATERIA

EANTIMATERIA |

A Escala de Planck: época completamente
desconhecida devido a auséncia de uma
teoria quantica da gravitacao.

A 10-36s: inicio da inflac&o, periodo de forte
expansao acelerada do universo.

A 10-l1s: as 4 forcas da natureza surgem no
universo.

A Ap6s 10!s: periodo de cria¢do das
particulas na natureza chamado
Bariogénese

Yo upic e MpUpie -t 4e < U g TN
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The big bang

10-36 10-9 second 300,000 years 10 to 15 billion years
sacond Formation First atoms form Modem galaxies appear
Probable of protons |
ara of and neutrons|
inflation from quarks ’

| |

10~ sacond 10-"" second 3 minutes 100 million years

Quantum Strong, weak,  Synthasis of hydrogen
qgravity era electromagnetic, and helium nuclei

and gravitational

forces appear

Firs! stars, galaxies
and quasars appear
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ORIGEM DO UNIVERSO E A CRIACAO DE MATERIA
EANTII\/IATERIA “

40/ Matéria Comum m m
0 B B \atéria Escura  The big bang

2 3% 1 _ Ene.rgmrﬂ

10 to 15 billion years

1036 10-5 second 300,000 years
second Formation First atoms form Modem galaxies appear
Probable of protons

ara of and neutrons|

inflation from quarks ‘

|
100 madlion years

| : |
10+ second 10-"" second 3 minutes \
Quantum Strong, weak,  Synthasis of hydrogen Firs! stars, galaxies
u gravity era electromagnetic.and helium nuclei and quasars appear

and gravitational
forces appear

Desenvolvido por Alpha Sem Fronteiras.com
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ONDE ESTA ANTIMATERIA 1?

WHERE IS THE ANTIMATTER?

WHAT WE DO SEE

since maiter and anti—-matier are produced in equal numbers, the endresult will be
a massive annihilation of all particles WHAT WE SHOULD SEE
AL N An equal amount of matter and Matter fills the universe while there is

AVAVATYAVAYAN antimatter fill the universe. only trace amounts of antimatter.

©0 00 AT
A AR AVAVA S VaVA
ANI AN
o A N ) GRIPNAAYS SAVAYT

OO X 2NN ON
VAV SAVAVA'S

DD DD AVAVA YaVAVA™

antimatter

sea of matter/anti—-matter ocean of cosmic background photons

A Varios experimentos para detectaantimatéria:

A Balbes com detectores dantimatéria;
A Radio telescopios e satélites com deteccdo de ragsmmae raios X.

Nenhuma evidéncia de antimatéria em aproximadamente 1 bilh&o de anos luz.
20




CONDICOES DEAKHAROV

A Andrei Sakharov propds que, para produzir uma assimetria de matéria e
antimatéria no universo, sdo necessarias duas condicoes:

1. Violacao do numeradbarionico;

2. Violacao das simetrias de Carga (C) e CafBaridade (CP).

A Estas duas condi¢des so6 seriam possiveis em um sistema fora do equilibr
termodinamico, ou seja, em um universo em rapida expansao.

21l



VIOLACAO DO NUMERBARIONICO

A Processos onde a diferenca do niimero total de quarksatiquarks é
diferente entre os estados inicial e final.

Nunca observado no universo.
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SIMETRIA CP

28



SIMETRIA CP
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VIOLACAO DA SIMETRIA DEP

A 1964 James Cronin e Val Fitch: medida de violac&o de CP no
decaimentos dosmésonsKaon.

CP Violation

CP=+
CP=+

| Decaytime of 0.9 x 10-19 second —
g 1/500 o @
CP=-1 :
= P '!!@
Decay time of 0.5 x 107 second CQJ

Distance or Time of Flight

A1 a cada 50kkaonslongo decaem em doipions carregados.em
vezde decair em trégpions neutros.
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VIOLACAO DECPE TRANSICAO DE QUARKS |

A 1963 NicolaCabibba explica a transi¢éo entre os 4 quarks d’ Vg Vo.lid
conhecidos na época. Modelo n&o inclui uma explicagao para | ;| — V V ,
um fendmeno de violacao de CP. 5 cd es| |9

CP Violation

CP=+ i o

A 1964 Cronin e Fitch: observam violacdo de CP no decaimento | &« .. .. ... Fi @ i
do mésonKaon. o Thes SIS | g
A 1973 Makoto Kobayashi eToshihide Maskawa afirmam que a , o
(inica maneira de incluir o fendmeno de violacéo de CP na T Vo Vos V)[4 !
teoria de interacdo da particulas é se existir uma terceira S = Vg Ves Vo | | 5| = Verar | s

familia dequarks. v \vy we v ) b b
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VIOLACAO DECPE TRANSICAO DE QUARKS I

A Kobayashi eMaskawapropuseram a existéncia de dois outros
guarks gque ainda nao haviam sido observados.

A 1977 Leon Lederman: primeira observacdo dquark bottom.

A 1995 experimentos DO e CDF: primeira observacéo dpiark
top.

A Desde a descobertao top, nunca c:(bservamos uma particula CKM matrix _,_<*’
na naturez m r uark top. ‘
a natureza composta por ung P J' v.V.OD\(d
A De acordo com a matriz de CKM, o fendmeno de violacdo de s' =V V. Vs || s
CP sera maior nas transi¢cdes envolvendoguark bottom. b' 'V, \b
Corrida pela medida de mésons B! (ER .4,-.;,»_@-: r
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EXPERIMENTOS BELLE E BABAR

Belle JBIE 2%
7

PEP-1I
Rings ™

Positrons

Low Energy Ring
BABAR Detector

657 milhdes de mesons B produzidos. 383 milh6es de meésons B produzidos.

A Varios decaimentos denésonB com evidéncia e/ou observacio de violacéo de CP.

AEx.. BA Krmcom Ap=-9.7+ 1.2%
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PREVISAO DE VIOLACAO DEP

A A violacdo de CP dosiésonsKaone B é explicada pela matiz de CKM.

A No entanto, a matriz de CKM n&o explica toda a diferenca entre matériargimatéria no universo.
Y,g 50D QE)I—I—EO— PTT Dp T

L b I
DaQQ)ausQldoﬁ—e—,d Dp

A S&o necessarias novas fontes de violacido de CP para explicar a assimetria magéiimatéria no universo.
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NOVAS FONTES DE VIOLACAO OP

A Novas teorias com previsdsupersimetria e teorias M.

A Uma nova familia degquarks e |éptons?

Quarks

Leptons

2.4 Mev/c

(i

Four Generations
of Matter (Fermions)

Ya

1.27 Gev/c

charm

222 Gev/c?
2 J
top’

104 mev/e

4.2 Gev/c

b

bottom

2?2 Gev/c

b’

bottom’

<2.2 eVv/c?

% Ve

electron
neutrino

<0.17 MeV/C

(0]
=V

muon

neutrino

<15.5 MeVv/c&

(0] -‘ y

Ve T
tau

neutrino

??2? MeV/c?

N4

neutrino

0.511 MeV/c?
Pl =
Ve

electron

-1
V2

105.7 MeVv/c

muon

1.777 GeV/c

-1
% U

tau

??? GeV/c?

A
bz 4

tau

Gauge Bosons

30



EXPERIMENTOLHCO NOLHC

—A T X
- -n v ,/ [
e = e '
s LHC - B CERN !' ‘
: prtioint = Point 2 N / -
o 1 g |
R .. . 1
2 et ot et Jeiie b \
PolnEs - 2= | : ]\2
Z) |
.‘ ‘\‘ \J .
._s- .
oy - =
NS

A Objetivo: produzir cerca de 10 vezes maisiésonsB por ano que Belle @aBarproduziram em 10 anos!
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COMO PRODUZIR ESSAS PARTICULAS?

A Coliséo de protons com TeVde energia no LHC significa transformar energia em massa:
E =om,c?

“Hard” Scattering

outgoing parton

underlying event underlying event

outgoing parton
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COMO OBSERVAR ESSAS PARTICULAS?

A As particulas criadas durante a colisdo sdo bastantessivase instaveis.

A Os detectores observam o produto do decaimento dessas particulas produzidas.

Tracking Electromagnetic Hadron huon
chambar calorimeter calorimeter chambar

—" S

[nnermost Layer... » .. Outerrmost Layer
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