» Obijetivo: Estudar a interacédo de particulas
carregadas com a matéria (principio dos detectores)

« Motivacao: Entender tragos como este observados
numa camara de nuvens




* Interagao de particulas carregadas® com a materia:
lonizacao e excitacao atomica

« A taxa de perda de energia ao atravessar um material:
(Bethe-Bloch equation)

27.2. Electronic energy loss by heavy particles [1-22, 24-30, 82]

Moderately relativistic charged particles other than electrons lose energy in matter
primarily by ionization and atomic excitation. The mean rate of energy loss (or stopping
power) is given by the Bethe-Bloch equation,

1B _ g2 [ 2Py e _ g 8(5)

dx AB2 |2 12 ! 2
Here 11,ax is the maximum kinetic energy which can be imparted to a free electron in a
single collision, and the other variables are defined in Table 27.1. With K as defined in

Table 27.1 and A in g mol™!, the units are MeV g~ lem?.

(27.1)



« Camara de nuvens: vapor supersaturado de alcool
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« Camara de nuvens: vapor supersaturado de alcool
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« Camara de nuvens: vapor supersaturado de alcool
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« Camara de nuvens: vapor supersaturado de alcool
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Figure 24.1: Major components of the primary cosmic radiation from Refs. [1-12].
The figure was created by P. Boyle and D. Muller.
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Figure 24.3: Vertical fluxes of cosmic rays in the atmosphere with E > 1 GeV
estimated from the nucleon flux of Eq. (24.2). The points show measurements of
negative muons with £, > 1 GeV [29-32].
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r

Interacao “profunda” dos muons na camara (QED)
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Estimar a energia de um muon atraves da forma de sua trajetoria!

2 Caminho livre médio

Vapor supersaturado de dlcool isopropilico p = 8 x 10%° (moléculas /em?)

= — (2)

E, (MeV) 1 (cm)

10 0.18
o0 3.6
100 11.6
500 175

Table 1: Caminho livre médio do p em funcao de sua energia cinética. Foram
considerados angulos de espalhamento maiores que 1 grau no calculo da secao
de choque total.
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Figure 24.9: The all-particle spectrum from air shower measurements. The shaded
area shows the range of the direct cosmic ray spectrum measurements.



« Qutro problema: e essa imagem...?

« Resposta: producao de par (?): elétrons de alta
energia ionizam pouco
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 Utilizar um campo magnético para estimar a
energia das particulas

« Estimar a energia das particulas atravées da
distancia percorrida na camara (Bethe-Bloch)

« SIBYLL cosmic ray simulator

« Montar a camara de nuvens no CERN no inicio
de 2010 para ver o que aparece por la!



Questoes

» Por que alguns tracos comecam e terminam®?

« Segundo o PDG, muons ~ 4 GeV; segundo minha
estimativa, muons ~ 10 a 500 MeV! Ar de SP poulido?
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Figure 27.10: Fractional energy loss per radiation length in lead as a function of
electron or positron energy. Electron (positron) scattering is considered as ionization
when the energy loss per collision is below 0.255 MeV, and as Moller (Bhabha)
scattering when it is above. Adapted from Fig. 3.2 from Messel and Crawford,
Electron-Photon Shower Distribution Function Tables for Lead, Copper, and Air
Absorbers, Pergamon Press, 1970. Messel and Crawford use Xp(Pbh) = 5.82 g/f:mg,
but we have modified the figures to reflect the value given in the Table of Atomic
and Nuclear Properties of Materials (Xo(Pb) = 6.37 g/ cmg).
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Figure 27.3: Mean energy loss rate in liquid (bubble chamber) hydrogen, gaseous
helinm, carbon. aluminum. iron. tin, and lead. Radiative effects. relevant for

muons and pions, are not included. These become significant for muons in iron for
A~ 2 1000, and at lower momenta for muons in higher-Z absorbers. See Fig. 27.21.



Table 28.6: Properties of rare and molecular gases at normal temperature and
pressure (NTP: 20° C, one atm). Ex, Ey: first excitation and ionization energy;
Wi: average energy per ion pair; dE/dr|min, Np, Np: differential energy loss,
primary and total number of electron-ion pairs per cm, for unit charge, minimum
ionizing particles.

Gas Density, E, E; Wy dE/dr| i Np N
mg cm > eV eV eV keVem ™! em ! em ™!
Ne ().839 16.7 21.6 30 1.45 13 50
Ar 1.66 11.6 15.7 25 2.53 25 106
Xe 5.495 8.4 12.1 22 6.87 41 312
CHy 0.667 8.8 12.6 30 1.61 37 54
Colg 1.26 8.2 11.5 26 2.91 48 112
iC4Hg 2.49 6.5 10.6 26 5.67 90 220
COa2 1.84 7.0 13.8 34 3.35 39 100

CF 4 3.78 10.0 16.0 o4 b.38 % 120
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