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BLOCO 1
INTRODUGAO

EVOLUCAO DO UNIVERSO:
BIG BANG - HADRONIZACAO - FORMACAO DAS ESTRELAS

A MATERIA NUCLEAR

A NUCLEO-SINTESE DOS ELEMENTOS NAS ESTRELAS:
OS CICLOS p-p , CNO, O SOL, PROCESSOS T, rp ...

O NUCLEO E SUA ESTRUTURA : TABELA PERIODICA

O CAMINHO INVERSO: COLISOES DE IONS PESADOS RELATIVISTICOS

APLICACOES DA FiSICA NUCLEAR

TECNOLOGIA NUCLEAR




Referéncias para o bloco 1

http://particleadventure.org/particleadventure/

http://1e.lbl.gov/education/glossary/glossaryf.htm

http://www.cpepweb.org/

http://books.nap.edu/books/0309062764/html/index.html

http://webphysics.ph.msstate.edu/jc/library/

http:/WWW.PHY S.VIRGINIA.EDU/CLASSES/252/home.html
http:// WWW.PHYS.VIRGINIA.EDU/CLASSES/252/Nuclear Notes/nuclear notes.html

http://www.overture.com/d/search/p/netscape/?Keywords=rutherford+scattering+applets

http://www2.slac.stanford.edu/vvc/Detfault.htm

http://www?2.slac.stanford.edu/vvc/Default.htm
http://home.a-city.de/walter.fendt/phe/decayseries.htm
http://www.phys.virginia.edu/classes/109N/more_stuff/Applets/rutherford/rutherford2.html
http://www.phys.virginia.edu/classes/109N/more_stuff/Applets/rutherford/rutherford.html




- Radius of the Visible Universe —

Expansion of the Universe

Abier the Big Bang, the universe expanded and cooled. At about 10 second, the universe consisted of a soup of quarks, gluons, electrons, and
neutrinos. When the temperature of the Universe, T yuiverse co0led to about 10" K, this soup coalesced into protons, neutrons, and electrons. As time
progressed, some of the protons and neutrons formed deuterium, helium, and lithium nuclei. Still later, electrons combined with protons and these
low-mass nuclei to form neutral atoms. Due to gravity, clouds of atoms contracted into stars, where hydrogen and helium fused into more massive
chemical elements. Exploding stars (supernovae) form the most massive elements and disperse them into space. Our earth was formed from

supernova debris.
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COMO SE FAZ FISICA NUCLEAR
DO PONTO DE VISTA EXPERIMENTAL
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NUCLEO DE THOMSON ANIMACAO

http://galileoandeinstein.physics.virginia.edu/more stuff/Applets/rutherford/rutherford2.html




NUCLEO DE THOMSON | =—————————— |  NIMACAO

http://galileoandeinstein.physics.virginia.edu/more_stuff/Applets/rutherford/rutherford2.html
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http://micro.magnet.fsu.edu/electromag/java/rutherford/



Disproof of the Pudding

The back scattered alpha-particles proved fatal to the plum pudding model. A central
assumption of that model was that both the positive charge and the mass of the atom
were more or less uniformly distributed over its size, approximately 10-10 meters
across or a little more. It is not difficult to calculate the magnitude of electric field
from this charge distribution. (Recall that this is the field that must scatter the alphas,
the electrons are so light they will jump out of the way with negligible impact on an
alpha.)

To be specific, let us consider the gold atom, since the foil used by Rutherford was of
gold, beaten into leaf about 400 atoms thick. The gold atom has a positive charge of
79e¢ (balanced of course by that of the 79 electrons in its normal state). Neglecting
these electrons -- assume them scattered away -- the maximum electric force the alpha
will encounter is that at the surface of the sphere of positive charge,

1 792 158.(1.6107"°)
Fre=—L D02 _gyq0 IBQOIOTN 54 10% newtons
drney, K 10

If the alpha particle initially has momentum p, for small deflections the angle of
deflection (in radians) is given by (delta p)/p, where delta p is the sideways
momentum resulting from the electrically repulsive force of the positive sphere of
charge. Assuming the atomic sphere itself moves negligibly -- it is much heavier than
the alpha, so this is reasonable -- the trajectory of the alpha in the inverse square
electric field can be found by standard methods. It is the same mathematical problem
as finding the elliptic orbits of planets around the sun. Replacing inverse square
attraction with inverse square repulsion changes the orbit from an ellipse (or a
hyperbola branch swinging around the sun for a comet) to a hyperbola branch lying
on one side of the center of repulsion.



Note that since the alpha particle has mass 6.7x10-27 kg, from F = ma, the electric force at the
atomic surface above will give it a sideways acceleration of 5.4x1020 meters per sec per sec
(compare g = 10!). But the force doesn't have long to act - the alpha is moving at 1.6x107 meters
per second. So the time available for the force to act is the time interval a particle needs to cross
an atom if the particle gets from New York to Australia in one second.

The time 710 = 2r0/v = 2x10-10/1.6x107 = 1.25x10-17 seconds.

Thus the magnitude of the total sideways velocity picked up is the sideways acceleration
multiplied by the time,

1.25x10-17x5.4x1020 = 6750 meters per second.

This is a few ten-thousandths of the alpha's forward speed, so there is only a very tiny deflection.
Even if the alpha hit 400 atoms in succession and they all deflected it the same way, an
astronomically improbable event, the deflection would only be of order a

In fact, one can get a clear idea of how much deflection comes about without going into the
details of the trajectory. Outside the atom, the repulsive electrical force falls away as the inverse
square. Inside the atom, the force drops to zero at the center, just as the gravitational force is
zero at the center of the earth. The force is maximum right at the surface. Therefore, a good idea
of the sideways deflection is given by assuming the alpha experiences that maximal force for a
time interval equal to the time it takes the alpha to cross the atom -- say, a distance 2r(0.

degree. Therefore, the observed deflection through ninety degrees and more was completely
inexplicable using Thomson's pudding model!
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Quark Deconfinement during Pulsar Spin—-Down

Deformed Nucleus Neutron Star
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1)Atomo de Bohr: diagrama de niveis e espectro de raios X
http://www.walter-fendt.de/ph14e/bohrh.htm

2) Espectro nuclear de raios Gamma
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proton/neutron conversions

Step_1 Step_2 _
{must happen twice) ® {must happen twice)







n =1.00866 u.m.a.

p =1.0079 u.m.a.
d=2.01410 u.m.a.
t=3.01860 u.m.a.
‘He = 4. 00260 u.m.a.
6li =6.01512 u.m.a.
2C =0.00000 u.m.a.
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ESTRUTURA NUCLEAR

MECANISMO DE REACOES

DINAMICA DE REACOES




Po+Pb 160 GeV/A t=-00.22 fm/c
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Phase Diagram of Hadronic Matter
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RX J1856.5-3754 and 3C38: Cosmic
X-rays May Reveal New Form of Matter

Chandra observations of RX J1856.5-3754 and the pulsar in 3C58 suggest that the matter in these
collapsed stars is even denser than nuclear matter, the most dense matter found on Earth. This
raises the possibility that these stars are composed of free quarks or crystals of sub-nuclear
particles, rather than neutrons. .... One exciting possibility, predicted by some theories, is that the
neutrons in the star have dissolved at very high density into a soup of "up,"” "down'" and

"strange' quarks to form a "strange quark star" which would explain the smaller radius.
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Unlocking the Mysteries of the Universe with state—-of-the-art
Telescopes

* § @ Firstlone NS,
RXJ 185635-3754

AXAF-| advanced X ray Astrophysics Facility — hinoying

First accreting ms pulsar, J1808-368



. » L

The Crab Nebula in Taurus (VLT KUEYEN + FORS2)

ESO PR Photo 40f99 ( 17 November 1999 ) © European Southern Observatory




Crab Nebula

Palomar

PRC96-22a - ST Scl OPO - May 30, 1996 HST - WFPC?2

J. Hester and P. Scowen (AZ State Univ.) and NASA
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RADIOFARMACOS

TERAPIA DE CANCER
v, N, BNCT, N....

DETERORES D
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Acelerador Pelletron,
tandem, V__ =

MV com stripper
gasoso de N,

Fonte de ions tipo RF modelo Alphatross
com célula de troca de carga com Rb, para
feixes de He e H.

Fonte SNICS (Fonte de ions negativos por
sputtering de Césio), para feixes de H, C, O,
Cl, Si...




Meétodos Analiticos no LAMEFI - USP
RBS -

s
He+ = I ] Rutherford Backscattering Spectrometry
) vaaa Concentracio e perfil em profundidade
E' \——19 Medida absoluta em atomos/cm?

Sensibilidade <1012 Au/cm?
Rapido (10 min)

Sensivel a topografia da camada e interface

FRS - Forward Recoil Spectometry
ERS - Elastic Recoil Spectometry

ERDA . Elastic Recoil Detection Analysis

(Concentracao e perfil em profundidade

Medida absoluta em atomos/cm?2

Sensibilidade <1012 Au/cm2

Rapido (10 min)

Sensivel a topografia da camada e interface

PIXE - Particle Induced X-ray Emission

Medida absoluta em atomos/cm?2
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Detetor (SiLi)
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Eficiente para elementos mais pesados que Si
Rapido (10 min)



RBS

* Rutherford BackScattering

O Detetor de Si
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Espectro RBS tipico de um filme tri-camada Ta/Fe/Ta sobre A1203. As condicées experimentais foram: RBS He
+, 2.3MeV. Deteccao a 170°, filme inclinado de 55°. Dados em linha preta, a simulacio tedrica com programa
RUMP em vermelho e componentes em outras cores.
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Figure VIII.1: Relative dose at various depths in tissue
for bremsstrahlung X-rays generated by 22 MeV elec-
trons (dashed curve), for 190 MeV protons (dot-dashed
curve), for protons with smeared energy distribution to
provide a plateau dose profile (solid curve), and from
v-rays produced by a cobalt 60 source (dotted curve).
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Poluicao do Ar em Sao Paulo
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Sao Paulo em um dia de inverno com altos niveis de poluicao

Fotos no topo do edificio da Faculdade de Medicina da USP, na Avenida Doutor Arnaldo.
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DAY 2

ANTERIOR INFARCTION
TREATED WITH TPA

Figure VIII.2: The figure shows PET pictures of the
heart of a patient with acute myocardial infarction
treated with a thrombolytic agent. The top row shows
scans after administration of water containing oxygen-
15 nuclei to trace the blood flow. The bottom row
shows tomograms obtained after administration of ac-
etate containing carbon-11 nuclei to trace the heart’s
metabolism, i.e. its rate of oxygen usage. The defects
are clearly visible on day 1, both in the impaired blood
flow (top left) and the impaired metabolic use of oxy-
gen (bottom left). Recovery of blood circulation has
taken place on day 2 (top center) and is maintained
through day 7 (top right). Defects in the metabolism
are still visible on day 2 (bottom center); full recovery
is seen by day 7.






Figure VIII.4: Large-scale X-ray scan of a tanker truck
revealing the fill level of the tank. Such systems can
be used to detect car-bombs at highly vulnerable trans-

portation centers.
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7,10Be

Isotopos de Be criados na estratosfera em colisoes de raios

cosmicos em atomos de “N. Atomos de Be sio ligados com
facilidade em aerosois.

Ozone ¢ September 6, 2000 * Total Ozone Mapping Spectrometer (TOMS)
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AMS- Accelerator Mass Spectrometry

METODO ANALITICO DE IDENTIFICACAO
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)
CRONOLOGIA

ISOTOPOS DE INTERESSE:

Raros
Radioativos com T, longa (104 a 107a)

14C 5,73Ka 36C1 301Ka
10Be 1.5Ma 1291 16Ma
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Identification of Microorganisms for the Analysis of Images
Obtained by Neutron Radiography

1.D.R.Lopes™, V.Crispim™* and C.Lage!®

ABSTRACT

The main  difficully to  identify infectiovs
microorganisms Is the required lime to oblain a raliable
resull, 2 mnimum of 72 hours. We propose a reduction
0 about 5 hours Ihvcugh the technique of neutron
radiography.  Samples  containing  the  bacilus
Eschenchia coV and the cocoi Staphylococcus
epidermidis were Incubated with 8%, layered on
SSNTD (CR-39) surface and irradiated In the J-9
channel from the Argonauta Reaclor (IEN/CNEN) wilh
& flux of Ihermal neutrons at a rate of 2.2 x 10° nicm? s,
Images were cbserved in an optical microscope afler
exposure of the plates 1o chemical development of the
latent alpha-tracks. Analysis of lhe images revealed
morphological  differences  between  the  species,
conferring the technique the perspective to use in
microbial diagnosis,

rograph of S.
epidermidis. Copynght Dennis Kuskel,
University of Hawaii

Figuee 3 - Neotron radiographic image
of cocer Spkilococcus epidermidi

Figure 4 - Eletronic

Figuee 8 - Neutron radiogrphac image
of an agglomeraeoa of hacilli £ ool

Figure 7 - Neutron radiographa: image
of un applomeration of cooei S
epidermidis

Figare 1+ Neutron radsograpec imige of bailli
Escherchia coli

Frgure § - Neutron radiographic image of

both £ coii sl §. epadermidis maxed
the same sample

o —

Figure ¥ - Perceamage of the number of
saoead in each samy R-39 stnps
#x 2 function of the temperature of
incubation with borca.

Figure 2 - Eletronic micrograph of £ coli
Copyrigte Denzes Kunkel, Unsversay of Hawaii

Figare & -
wacks angaaled from te "“Blna)’Li
reaction o (R-39

Agzkeseranion of ¢ particks
in

CONCLUSIONS

In summary, data presented in
this paper Indicate that the neulren
radiography technicue has a good
perspective in applied Microbiclogy,
sening as a tool for identification of
micreorganisms. Tests are now beng
performed to estsblish prolocols for
identification  of other types of
bacteria
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