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UMA INTRODUCAO A FiSICA DE PARTICULAS

PLANO DO CURSO

» Aula 1- Uma histdria da Fisica de Particulas
(parte 1: 1897-1936)

» Aula 2 - Uma histdria da Fisica de Particulas
(parte 2: 1936-1964)

» Aula 3 - Introducao a teoria quantica de campos

» Aula 4 - Modelo Padrao: previsoes e confirmacoes

» Aula 5 - Problemas do Modelo Padrao
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FISICA DE PARTICULAS - 1936

Mais duas particulas que
nao participam da fisica
dos atomos
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OUTRO PROTAGONISTA ESTAVA APARECENDO
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Decaimento 3
(A!Z) —> (A,Z"l-.l) + e

1- ENERGIA NAO CONSERVADA

“We have no argument, either empirical
or theoretical, for upholding the energy

principle in the case of 5 ray disintegrations”
[Bohr]

Comoresolver o
o problema? |
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OUTRO PROTAGONISTA ESTAVA APARECENDO
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Decaimento 3
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2- OUTRA PARTICULA

Comoresolver o NAO OBSERVADA

o problema?

Pauli, 1930
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0 QUE NAO ERA CLARD

» Como proétons e néutrons estao juntos no nucleo?
» Descricao quantica do féton?
» O neutrino existe de verdade?

» Assim como o muon é um elétron mais pesado, sera que
existem outras particulas ainda mais pesadas?
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1935 - YUKAWA

A forca que permite que o nucleo exista:
» nao é eletromagnética (prétons carregados mas néutrons neutros)
» tem que ter comprimento tipico da ordem do tamanho do nucleo

(ndo observamos atracao entre nucleos diferentes, sé entre
prétons e néutrons do mesmo nucleo)

Relatividade + Mecédnica Quantica o q
FOTON nao possui massa v r

Yukawa: precisamos de

um potencial S
FORCA FORTE i
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1935 - YUKAWA

Yukawa: precisamos de

um potencial | r

Ao contrario do que acontece
com o féton, esse “mediador”
tem que ter massa nao nula

massa meson
~ 200 MeV/c/N2

Nucleo tem
raio ~1fm
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DESCOBERTA DA NOVA PARTICULA

» 1946 - Conversi, Pancini, Piccioni - primeira observacao de
uma particula que pode ser identificada com o méson de
Yukawa (tem carga + e -)

» 1947 - Perkins - confirmacao de que a particula observada
é a particula predita por Yukawa

» 1947 - Lattes, Occhialini, Powell - 7= — u= 4+ v(?)

» 1950 - Steinberger, Panofsky, Steller - m° — v~
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COMO 0S EXPERIMENTOS ERAM FEITOS

RAIOS , ,
CO S M I CO S Top of the atmosphere
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Figure 1.3, The balloon flights of Victor F. Hess. (a) Preparation for one of his flights
in the period 191112, () Hess after one of the successful balloon flights in which the
nerease injonisation with altitude through the atmosphere was discovered. (From Y
Sekido and H. Elhot (eds) (1985). Eurly history of cosmic rav studies. Dordrecht: D
Rewdel Publishing Company.)




Cosmic-ray and gamma-ray experiments

Space experiments

ACE [Advanced Composition Explorer] Mission mainly for solar particles; launched in August 1997.
AGILE [Astro-rivelatore Gamma a Immagini LEggero] X-ray/gamma ray mission launched April 23,
2007.
AMS [Alpha Magnetic Spectrometer] Detector installed on the International Space Station on May 19,
2011. See also NASA page
ASCA [Advanced Satellite for Cosmology and Astrophysics] (X-ray mission but with some cosmic-ray
relevant results, see also here). Observations ended July 14, 2000.
BeppoSAX [Satellite per Astronomia X] (operational May 1996 - April 2002)
Chandra X-ray satellite
CGRO [Compton Gamma Ray Observatory] (mission terminated) with the four experiments:
o BATSE [Burst And Transient Source Experiment]
o OSSE [Oriented Scintillation Spectrometer Experiment]
o Comptel [imaging Compton telescope] (also here)
o EGRET [Energetic Gamma Ray Experiment Telescope]
Geotail (measures the Earth's magnetotail)
Fermi Gamma-ray Space Telescope, originally: GLAST [Gamma ray Large Area Space Telescope]
(launch June 11, 2008, see also NASA page)
GRANAT gamma-ray satellite with several experiments (SIGMA, WATCH and others) was turned off
November 27, 1998
o SIGMA [Systeme d'Imagerie Gamma a Masque Aléatoire]
HETE [High-Energy Transient Experiment] (launch failed on 4 Nov. 1996) has a follow-up:
HETE-2 (launched October 9, 2000).
IMP-8 (Interplanetary Monitoring Platform)
INTEGRAL [INTErnational Gamma-Ray Astrophysics Laboratory] (launched October 17, 2002)
NINA [New Instrument for Nuclear Analysis], a mission for low energy cosmic rays.
PAMELA (magnet spectrometer, launched June 15, 2006). See also here.
Polar (examines the Earth's magnetosphere and ionosphere)
Rosat X-ray satellite (ended February 12, 1999)
RXTE [Rossi X-ray Timing Explorer]
SAMPEX [Solar Anomalous Magnetospheric Particle Explorer]
Spectrum-X-Gamma satellite project apparently abandonded for some time (see also here and here)
Suzaku X-ray satellite (Astro-E2 mission, see also this NASA page)
SWIFT (gamma ray burst mission, launched November 20, 2004)
Ulysses (explores interplanetary space at high solar latitudes)
Voyager (two spacecrafts heading towards interstellar space)
WIND (explores solar wind and plasma processes near the earth as well as gamma-ray bursts)
XMM-Newton [X-ray Multi-mirror Mission] (see also pages at GSFC)




Balloon experiments

AESOQOP / LEE [Anti-Electron Sub Orbital Payload / Low Energy Electrons]

ANITA [Antarctic Impulse Transient Array] (project for radio frequency neutrino shower detection) See
also here.

ATIC [Advanced Thin Ionization Calorimeter]

BaBy [Background Bypass] (measuring atmospheric UV background for the EUSO project)

BESS [Balloon-borne Experiment with a superconducting Solenoid Spectrometer] (see also here).
BETS [Balloon borne Electron Telescope with Scintillating fibers], for PPB-BETS (Polar Patrol Balloon)
flight see also here

CAPRICE [Cosmic AntiParticle Ring Imaging Cherenkov Experiment] (see also CAPRICE-II)
CREAM [Cosmic Ray Energetics and Mass Balloon Experiment] (see also here and here)

GRATIS [Gamma-Ray Arcminute Telescope Imaging System]

GRIP [Gamma Ray Imaging Payload]

GRIS [Gamma-Ray Imaging Spectrometer]

HEAT [High Energy Antimatter Telescope]

HIREGS [High Resolution Gamma-Ray and Hard X-Ray Spectrometer]

IMAX [Isotope Matter Antimatter Experiment] (see also here and here)

ISOMAX [Isotope Magnet Experiment]

JACEE [Japanese-American Collaborative Emulsion Experiment]

(mainly for cosmic-ray composition up to several hundred TeV)

MASS.. [Matter Antimatter Superconducting Spectrometer] (flown in different configurations; for MASS2
see also here)

PoGOLite [Polarized Gamma-ray Observer]

RUNJOB [RUssian-Nippon JOint Balloon Experiment]

SMILI [Superconducting Magnet Instrument for Light Isotopes]

TIGRE [Tracking and Imaging Gamma Ray Experiment] (under development)

TIGER [Trans Iron Galactic Element Recorder]

TRACER [Transition Radiation Array for Cosmic Energetic Radiation]

See also the NASA balloon programs.
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0 QUADRO FICA COMPLETO




(inclusive um
novo neutrino)
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EXISTE UM PRINCIPIO QUE UNIFICA AS PARTICULAS OBSERVADAS?

1962 - Gell-Mann, Ne’eman: ideia das “simetrias internas”

» vamos supor que existam 3 particulas fundamentais: u, d, s

» u,d, s obedecem regras de transformacdes de “rotacoes

complexas” [SU(3)] em um espaco nao fisico chamado de espaco
interno

» sé algumas direcoes (combinacdes de u, d e s ) sdo permitidas no
espaco interno. A cada direcao corresponde uma das particulas
observadas

» previsdo: deve existir uma nova particula, ), cujas propriedades
sao preditas pelo modelo

» 1964: descoberta da nova particula e confirmacao do modelo

Préton, néutron, mésons e as outras particulas descobertas nos raio
L cosmicos sao compostas de QUARKS, chamados de u,d, s

s — a— — — —

J(,




Como prétons e néutrons estao juntos no nucleo?

Proton, néutron, mésons e as outras particulas

descobertas nos raios césmicos sao compostas de
QUARKS

Nova pergunta: o que permite aos quarks se juntar para
formar particulas? Qual é o mediador na nova forca?
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0 QUE NAO ERA CLARO

» Como proétons e néutrons estao juntos no nucleo?

» Descricao quantica do féton?

» O neutrino existe Préxima aula

» Assim como o muon € um eletron mais pesado, sera que
existem outras particulas ainda mais pesadas?



Como proétons e néutrons estao juntos no nucleo?
Descricao quantica do féton?
O neutrino existe de verdade?

Sim, e existem dois tipos:
» neutrino do elétron (sempre

produzido com elétron) - 1954

» neutrino do muon (sempre produzido
com muon) - 1962




Como proétons e néutrons estao juntos no nucleo?
Descricao quantica do féton?
O neutrino existe de verdade?

Assim como o muon é um elétron mais pesado, sera que
existem outras particulas ainda mais pesadas?

Sim, mas composta por quarks

(POR ENQUANTO)




