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‘ Do que todas as coisas sao feitasr

If, in some cataclysm, all
scientific knowledge were to
be destroyed, and only one [
sentence passed on to the the Atom
next generation of
creatures, what statement
would contain the most
information in the fewest  Neutron

words? | believe it is the R g Frotol
atomic hypothesis (or

an across,
hqkdlct wIdehOmmn

atomic fact, or whatever you e ot 0

wish to call it) that all things
are made of atoms

Richard Feynman




Origens dos estudos modernos dos

constituintes mais elementares da matéria

1895 - Rontgen descobre os
raios-X

1896 - Becquerel descobre a
radioatividade

1909 - Rutherford 1dentifica
as particulas o como nucleos
de “He

1911 - Rutheford propdem a
existéncia do nucleo atdmico

1914 - Modelo atomico de
Bohr

1897 - J. J. Thompson descobre o
elétron




Origens dos estudos modernos dos
constituintes mais elementares da matéria

1932 - Chadwick descobre os

neutrons

1932 - Primeira reacao nuclear 1932 - Anderson descobre o
usando um acelerador poOsitron usando raios cOsmicos
1934 - Modelo do nucleo

composto de Bohr 1935 - Yukawa propdem a

existéncia dos pions




Origens dos estudos modernos dos

constituintes mais elementares da matéria
1932 - Chadwick descobre os

neutrons
1932 - Primeira reacao nuclear 1932 - Anderson descobre o
usando um acelerador poOsitron usando raios cOsmicos

1934 - Modelo do nucleo

composto de Bohr 1935 - Yukawa propoem a

existéncia dos pions

1937 - Anderson descobre “uma
radiacao penetrante 200 vezes
mais pesada que o elétron”,
1938 - Descoberta da fissao chamada de “meson”’
nuclear




Origens dos estudos modernos dos

constituintes mais elementares da matéria

1939 - Modelo da gota-liquida ¢
proposto

1940 - Producao do primeiro

elemento transuranico
1947 - Lattes, Ochialini ¢ Powel

descobrem o meson-pi €
identificam a radiacao de
Anderson como sendo o ‘“meson-
muon’




“Who ordered that?”

= O meson-rt parecia ser a particula de
Yukawa;

= Com isso, “fechava-se” a teoria atbmica;

= Porém, o meson-u era um “filho
indesejado” (segundo Gell-Mann) que abria
um novo mistério a ser resolvido;

= Nao tardou para novas particulas surgirem e
“complicarem” a situacao...




Origens dos estudos modernos dos

constituintes mais elementares da matéria
1939 - Modelo da gota-liquida e
proposto

1940 - Producao do primeiro

elemento transuranico
1947 - Lattes, Ochialini ¢ Powel

descobrem o meson-pion €
identificam a radiacao de
Anderson como sendo o ‘“meson-

1949 - Modelo de camadas ¢ muon

proposto 1952-54 - Primeiros aceleradores
de particulas (p+p,e+e") de alta
energia (GeV)




. ‘6 L. 2,
‘ Comeca a surgir um zoologico de

particulas !

T —
V!'—=pm

0 —

K — ualv
v = 7t 70

Vt — pnd

“Young man, if I could remember the
names of these particles, I would have
been a botanist”

E. Fermi

O que sao todas essas particulas? Elas
sao particulas elementares? Ou serao
compostas de particulas mais
fundamentais?




‘ A solucao esta nas simetrias
observadas. ..

Spin 5’ Baryons Spin 0 (Pseudoscalar) Mesons
Baryons  I-Spin Mass (MeV)  Name Mesons I-Spin  Mass (MeV') Name
p,n 5 939 nucleon #h#x% 7~ 1 139 pion
A° 0 1116  lambda K+ K° 3 495 kaon
IR0 RS M 1193 sigma n° 0 549 eta
EOE 3 1318  cascade* K ,K° ! 495 (anti)kaon
n'° 0 958 eta prime

O proton e o néutron ja demonstravam ser uma manifestacao da
invariancia da for¢a forte em relacao a um nimero quantico: o
1sospin (1)

Portanto : Lip)=1/2|p)
[In)=-1/2 |n)
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‘ A solucao esta nas simetrias
observadas. ..

Spin 5’ Baryons Spin 0 (Pseudoscalar) Mesons
Baryons  I-Spin Mass (MeV)  Name Mesons I-Spin  Mass (MeV') Name
p,n 5 939 nucleon #h#x% 7~ 1 139 pion
A° 0 1116  lambda K+ K° 3 495 kaon
IR0 RS M 1193 sigma n° 0 549 eta
EOE 3 1318  cascade* K ,K° ! 495 (anti)kaon
n'° 0 958 eta prime

Postulou-se, entao, que o 7 teria o 1sospin (I) = 1, sendo as trés
cargas observadas manifestagao desse nimero quantico

Portanto : L|a"y=+1]|x")
L|a%)= 0|n°)
[|aw)=-1]m)
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‘.”czna}ﬁpéuxeckzunlnovornhnEﬂ)
R . ‘6 3,
quantico: a estranheza

Acreditava-se que a carga de uma particula era dada por
Q=1+1/2B
onde: B e o numero barionico

B = 1 para barions (particulas mais pesadas)

B = 0 para mesons (particulas mais leves)

Para explicar a existéncia das novas particulas, foi
preciso supor que:

Q=L +12Y

onde: Y =B + S (“estranheza™)
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Spin 4 Baryons Spin 0 (Pseudoscalar) Mesons

Baryons  I-Spin Mass (MeV)  Name S Mesons  I-Spin  Mass (MeV)  Name S
) 1 939  nucleon 0 T L S| 139 pion 0
A° 0 1116  lambda -1 Ktk 3 495 kaon +1
LHI%L™ 1 1193 sigma 1 0 549 eta
EOET 3 1318 cascade* | o K~K° 3 495 (antdkaon |  _]
7’0 0 958  eta prime
Y=B+S
Baryon 1§+octet Meson 0~ octet Meson 1~ nonet
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Spin 4 Baryons

Spin 0 (Pseudoscalar) Mesons

Baryons  I-Spin Mass (MeV)  Name S Mesons  I-Spin  Mass (MeV)  Name S
p,n ! 939  nucleon 0 T LN 139  pion 0
A 0 1116  lambda 1 KtK* 3 495  kaon +1
DA LS M 1193 sigma 1 0 49 eta 0
EOET 3 1318  cascade* | KoK 3 495 (anti)kaon | ]
7’0 0 958 eta prime 0
Y
+
P a0 i ~ A (1232)
;%*_ Tkzo Wz — = (1384)
= o o =*0 = (1530)
-2'¢ ? Q (1672)
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‘ A ultima peca de
(1064\

‘

/4 Va4
estranheza : Q-

Kﬁ+p—)Q_+K++KO
LSS
l—»1\0+1r0

L‘Yl‘*"Yz
\“ l—»e++e*
et +e”

> 7 +p
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Spin 4 Baryons

Spin 0 (Pseudoscalar) Mesons

Baryons  I-Spin Mass (MeV)  Name S Mesons  I-Spin  Mass (MeV)  Name S
) 1 939  nucleon 0 T L S| 139 pion 0
A 0 1116  lambda 1 K*K° 3 495 kaon +1
DRSNS Yl 1193 sigma 1 P 0 549 eta 0
EOET 3 1318  cascade* | KoK 3 495 (antikaon | ]
7’0 0 958 eta prime 0
Y
*
A_— A_O ! éf & A (1232)
,‘z*— %2*0 ".Z*+ > T (1384)
. . I3
e Te=0 = (1530)
-2 Q” Q (1672)
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Origens dos estudos modernos dos
constituintes mais elementares da matéria

1953 - Modelo coletivo da 1953 - Hipotese de um novo
estrutura nuclear € proposto por  nimero quantico: a “estranheza’
Bohr, Mottelson e Rainwater

b

1964 - Proposto o modelo de
Quarks por Gell-Mann e Zweig
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4 = 3 Baryons
(those with ~ are symmetrized sums)

Nonstrange
A~ = ddd A° ~ ddu At ~ duu AYY = uuu
§=-
T*~ ~ sdd r*0 — sud T*t ~ suu
= -2
=*T ~ ssd =*0 - ssu

= -3

0~ = ss5

J = } Baryons
(mixed symmetry combinations occur multiplied by mixed spin symmetry factors)

Nonstrange
n ~ udd p ~ uud
S =-1
L~ ~ dds L% ~ & (ud + du)s Lt ~ uus
A° ~ = (ud — du)s




1 A+ A++
. 4 ®
Ay
" Z*O " Z*+ +2
+ > —
. Is
(ddd) (udd) 1 (ugd) (uuu)
-1 o E*o
Y Yo
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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.”

matter constituents
spin = 1/2, 3/2, 5/2, ...

FERMIONS

Leptons spin =

Mass  Electric
GeV/c2  charge

1/2 Quarks spin =

Approx.
Mass
GeV/c2

0.003 2/3

1/2

Electric

Flavor charge

Flavor

p_ electron

Uu
€ neutrino 2

€ electron d down 0.006

muon
M neutrino

M mu

tau <0.02
T neutrino

<0.0002 C charm

0.106 S strange

t top

T tau 1.7771 b bottom

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

Electric charges are given in units of the proton’s charge. In Sl units the electric charge of
the proton is 1.60x10719 coulombs.

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/c2 (remember
E = mc?), where 1 GeV = 109 eV = 1.60x107"? joule. The mass of the proton is 0.938 GeV/c?
= 1.67x10727 kq.

Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.

There are about 120 types of baryons. Property

Electric
charge

Quark
content GeV/c

Acts on:

Interaction

Particles experiencing:

Particles mediating:

for two u quarks at:

for two protons in nucleus

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., Z°, vy, and n, = C¢, but not
= ds) are their own antiparticles.

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.

Strength relative to electromag [10-18 m
3x10-"7 m

v

A neutron decays to a proton, an electron,
and an antineutrino via a virtual (mediating)
W boson. This is neutron B decay.

Size < 10719m

Electron

Nucleus E 3
Size < 10-8m

Size = 1074 m

e

Neutron
and
Proton

Atom Size = 10-13

Size = 10710m

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.

Graviton + 0
10741
1041
10-36

10-4
107

pp— 7070 + assorted hadrons

y

N
% \ quarks &

gluons
wu
_d

L > S
(antielectron) colliding at high energy can BO

annihilate to produce B and B® mesons
via a virtual Z boson or a virtual photon.

An electron and positron

structure of matter.

PROPERTIES OF THE INTERACTIONS

Fundamental |

Mass - Energy m Electric Charge Color Charge
Quarks, Leptons Electrically charged Quarks, Gluons m T | I

25
60

hadrons—~
—

Not applicable
to hadrons

e

Two protons colliding at high energy can
produce various hadrons plus very high mass
particles such as Z bosons. Events such as this
one are rare but can yield vital clues to the

force carriers
spin=0,1, 2, ...

BOSONS

Unified Electroweak spin = 1 ‘ ‘

Strong (color) spin =1

Mass Electric
GeV/c2  charge

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.

Electric
charge

Gev/c? Name

Quarks Confined in Mesons and Baryons

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 gq and baryons qqq.

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.

Mesons qq

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

Quark
content

Electric
charge

See Residual Strong :
GeV/c

Interaci Note Vbl filame

Spin

Not applicable
to quarks
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The Particle Adventure

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

This chart has been made possible by the generous support of:
U.S. Department of Energy

U.S. National Science Foundation

Lawrence Berkeley National Laboratory

Stanford Linear Accelerator Center

American Physical Society, Division of Particles and Fields

BURLE INDUSTRIES, INC.

©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence
Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
materials, hands-on classroom activities, and workshops, see:

http://CPEPweb.org




matter constituents
FERMIONS spin = 1/2, 3/2, 5/2, ...
Leptons spin = 1/2 Quarks spin =12

Approx.

Flavor Mass Electric

Flavor Mass  Electric

GeV/c? charge Gev/c2 Ccharge

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

€ electron [0.000511 ddown 0.006 -1/3

Muorn <0.0002 C charm
M neutrino

L muon 0.106 S strange

p_ tau T to
T neutrino P

7T tau b bottom




Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
There are about 120 types of baryons.

Quark Electric  Mass Spin
content charge GeV/c2 °P

Symbol Name

proton

anti-
proton

neutron
lambda

omega




Mesons qq

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

Quark Electric  Mass
content charge GeV/c?

Symbol Name




BOSONS

spin

force carriers
=0,1, 2, ...

PROPERTIES OF THE INTERACTIONS

Gravitational
Mass — Energy Flavor Electric Charge Color Charge Sﬁf\tzf;g:’;l f\,tg,zgg
All Quarks, Leptons Electrically charged Quarks, Gluons Hadrons
Graviton + —

(not yet observed) W W Zo 7 Gluons Mesons
10~ 0.8 1 25 Not applicable
10-41 10-4 1 60 to quarks

N licabl
1 e | 2




Large Hadron Collider
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‘ Large Hadron Coll
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‘ Large Hadron Collider
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‘ LHC — Algumas caracteristicas

B O LHC e o maior acelerador do mundo com 27
km de circunferéncia;

m Sua profundidade varia entre 50 a 175 m;

m Gera colisoes entre protons a 14 TeV e colisoes
entre ions de Pb a 5 TeV por par de nucleons =

| 150 TeV no total:

a A velocidade de um proton acelerado nessa energia
99,9999991% da velocidade da luz;
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‘ LHC — Algumas caracteristicas

= Além da energia, outra caracteristica importante
de um acelerador ¢ a sua luminosidade (colisoes
por unidade de secao de choque e por unidade
de tempo) que depende:
Q ?Igllln'lmero de particulas por pacote (ou bunch): |,| x
0 a frequéncia de rotacao de cada pacote: | 1245 voltas

por segundo;

2 o numero de pacotes no feixe: 2808;

0 e a segao de choque do processo a ser estudado: 600
milhoes de colisoes por segundo
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‘ LHC — Algumas caracteristicas

= A pressao no interior do LHC sera de 10-'3 atm;

m O custo do LHC foi de, aproximadamente, 3
bilhoes de euros;

m Os experimentos do LHC vao produzir 700 Mb/s
de dados, ou seja, 15.000.000 Gb por ano, que
equivale a uma pilha de 20 km de altura de CD:s.
Para armazenar e processar todo esse volume de
dados, uma estrutura de GRID sera utilizada.
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“Enxergando” o resultado de uma colisao
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‘ Large Hadron Collider

m Por que construir o LHC?

= Do ponto de vista cientifico, muitas questoes
sobre o Universo ainda nao respondidas podem
ser estudadas
0 Questoes sobre a origem da massa das particulas

0 Questoes sobre a origem do Universo
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“A Particula de Deus”

m O que € o Boson de Higgs!?
s Por que ele e tao importante?
= Afinal existe o Boson de Higgs!?

= E se ele nao existir, quais as implicagoes para
nosso entendimento sobre a natureza mais
fundamental da materia?
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‘ Mecanismo de Higgs

David J. Miller, Physics and Astronomy, University College London (cartoons: CERN)
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‘ Boson de Higgs

David J. Miller, Physics and Astronomy, University College London (cartoons: CERN)
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Os mistérios da natureza

m Quarks nunca foram ~ 9
observados! nt
m Eles estao “presos” dentro

de outras particulas como
protons e néeutrons

ronte. university or Groningen




‘ Os mistérios da natureza
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‘ Desafios tecnologicos

m 600 milhoes de colisoes por segundo
m 150 milhoes de sensores adquirindo informacao

AR ,/,,
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‘ Desafios tecnologicos

= Os experimentos do
LHC vao produzir 700

Mb/s de dados, ou seja, B i

15.000.000 Gb por ano,
que equivale a uma pilha
de 20 km de altura de
CD:s.
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‘ Produtos tecnologicos

= GRID

s Computadores
interligados no mundo
todo para
armazenamento e
processamento de dados

# Numero infinito de
possiveis aplicagoes

40



‘ Produtos tecnologicos

= MammoGrid

m Criar um banco de
dados compartilhado
com mamografias,
permitindo um estudo
mais detalhado sobre o
cancer de mama
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Exemplos de Tecnologia desenvolvida no
CERN

= [im Berners-Lee, um cientista do CERN, inventa a
World Wide Web (WWW) em 1989

= A ideéia era facilitar a comunicacao entre os cientistas

i

4\‘
i
!

h |
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Exemplos de Tecnologia desenvolvida no
CERN

= Na decada de 1970, o CERN tem papel decisivo no
desenvolvimento da Positron Emission Tomography
(PET)
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Explorando o Universo com os
Aceleradores de Particulas

m A curiosidade para descobrir como funciona o
mundo que nos cerca ja seria suficiente para
justificar o investimento na ciéncia, mesmo em
estudos que nao apresentam perspectiva de uma
“utilidade” a curto prazo

m Porem, mesmo estudos como esses trazem
inovagao e desenvolvimento tecnologico devido
sua elevada demanda por solugoes tecnologicas
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Explorando o Universo com os
Aceleradores de Particulas

= "Faraday's experiments on electricity, for example,
were driven by curiosity but eventually brought us
electric light. No amount of R&D on the candle could

ever have done that (Robert Aymar,
former Director General of CERN)”

= “Why, sir, there is every possibility that you will soon
be able to tax it! (Faraday to PM William Gladstone,
on the usefulness of electricity)”
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