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Introducao geral a Fisica Nuclear — Wong (1998)

O que ¢ o nucleo e de que ¢ constituido:

- Nucleons (p, n, ...)

Constituintes dos nucleons: Quarks (u, d, ..)

A for¢a nuclear: uma das 4 (3) Forcas ¢
(parcialmente conhecida)

a Natureza

Conceitos basicos de estrutura e reacoes nucleares
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Interesses atuais:

Simetrias fundamentais (ou nao...)
Fisica além do MP

Feixes radioativos

Astrofisica — origem dos nucleos
Neutrinos

Condicoes extremas:

(I, A, Tz, E*, caos, S)

QGP

Aplicagoes

Tabela de nuclideos
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Fisica Nuclear I

Atividades e pesos na nota (sugeridos)

Leituras prévias (antes de cada aula) — questoes para
discussao (moodle, 10%)

Participacao em classe? (30%)
Listas (20%)

Tarefas individualizadas — seminarios (20%)

Provas +revisao oral de erros X'z (20%)

Outras

Conceito: A(8.1-10), B(6.5-8.0), C(5.0-6.4), R, T



Introducao:

Tentativas de sistematizacao dos componentes basicos da natureza

“Tudo € agua” - Tales de Mileto ~600 AC

fogo

Empédocles,
450 AC ...
4 elementos

o- éter — Aristoteles ~350AC



“Mendeleev”, 1869...

lantanideos

actinideos

o« s . 0

Tabela periodica :

WA VA VA VA via|He

dos elementos T T T T

BIC|N|]O]| F|Ne

13 14 ! 15 16 17 18

B IVB VB VIB VIB Vil SL{P|S|CllAr

32 33 34 35 36

Ge|As | Se | Br | Kr

50 5 52 53 M

Sn|Sh|Te]| | | Xe

g2 83 84 85 88

Pb| Bi | Po| At | Rn
58 59 60 61 B2 63 64 65 66 67 68 69 Fi] 71
Ce | Pr {Nd |Pm |Sm |Eu |Gd | Tb | Dy | Ho | Er [Tm | Yb | Lu
a0 9 42 a3 94 &5 96 a7 98 ] 100 101 102 103
Th|Pa| U |[Np|Pu|Am|Cm|Bk | Cf | Es |Fm|Md|No | Lr




Rutherford 1911 - Carga positiva (=+Ze) concentrada
no centro do atomo, R<10'*m. (Se¢do de choque o, ok.)

Espalhamento alfa
+2e @
(o) 5-€
4-7
O
+Ze
(Nucleo)
1920... A-Z? Nucleo

(~10°

15

Chadwick - 1932, n




Tabela de nuclideos 126 e

proton number

1o B :table
B FYEC decay
[l F decay

[ adecay
B pemizzion

[ spentaneous fission
[] predicted

@ magle number

heutron number
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INi u3F Nist | Nis2 | Nis3 | Nis4 | Nis5 | Niso | Nis7
+243 45 ms 212.1 ms 59d 35.60 h
_ 0+ (7/2-) 0+ 7/2- 0+ 32-
38,6034
000016 %% ECp EC EC
i Co 23] Cos0 | Co5l Co52 Co53 | Co54 Co56 sy
15]4243 18 ms 240 ms 193.23 ms 77.27d 4.5 1
27 A (7/2-) i+ 4+
58.03320 *
0000007 3% EC EC EC
i Fe o Fed8 Fed9 FeS0 FeS1 FeS2 Fes3
- 144243 75 ms 305 ms 8275 h 851 m
2 6 S T o+ (712) 0+ (52 0+ 70-
55.847 * *
0.00294% ECp ECp EC EC EC
s Mn 200 Mn46 Mnd48 | Mn49 | Mn50 | MnS1 | MnS2 | Mn33
13 (42434447 158.1 ms 384 ms 283.0 ms 46.2 m 5.591d 3T4EAG ¥
2 5 2 ) 4+ 52- 0+ s/- 6+ 70-
5403803
ECp.ECu...| EC EC
Crd5 | Crd6 | Cr47 | Cr48 | Crdo
12 50 ms 0.26 s 508 ms 21.56 h 423 m 1LBE+17 ¥
24 - (7/2-) I+ 32 0+ 52- o+ 3/2-
51.9961 ECEC *
01.000044% [ECp EC EC EC 4.345 83.789 9.501 2.365
v 5] w44 | v4s [ vae | V47 | V48 V51
~ 1142434445 90 ms 547 ms 422.37 ms 32.6m 15.9735d 14E+17 y
2 ) Ti2- 0+ 32- 4+ 6+ 2
~ 30,0415 EC,B
- M
0 610" | ECH EC EC iC EC [EE ] 99.750
Ti41 Ti42 Ti43 Ti44 Ti45 Tid6 Tid7 Ti48 Ti49 Tis0
80 ms 199 ms 509 ms 49y 184.8 m
32+ 0+ 7i2- 0+ Ti2- o+ 52- 2 0+
ECp EC JEC EC EC 5.4
Scd0 Scdl Sc42 Scd3 Sc44
182.3 ms 596.3 ms 681.3 ms 3.891 h 3.927h

4-
ECp.EC..

Ca39
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EC

K39
32+

93,2581
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127TEA9 y
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Ca43
72-
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K44
2213 m
2-

Ca49
8715 m

3/2-

13.9s
0+

Py

K48
68s
(2-)

K49
1.26 5
(12+3/2+)
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O que mantem o nucleo unido?
* Troca de meésons (Yukawa 1935).

AtAE~h

cAtmc’~he

| ARNcAtNh—szi
mc- Mmc
p n hce~200 MeV . fim
* QCD, Gluons, Quarks &

(Gell-Mann, Nishijima 1961...)



Saturacao da forca nuclear :

Energia de ligacao: £,(~.z)=(zar, + Nr,, - m(Z N))e?

E
_B ;
A /He.lurn Uranifm
'*:J_TL“-:::M .
"Be Muclear fission Raio Nuclear:
Muclear fusion R, = 1.2A1/3fm
t = Tritiu
b Ex: Pb (208), R=7.1 fn
# Deuterium

0 40 80 120 180 200 240
Mass number A —»



Descoberta do Pion

(Lattes 1949),
+particulas...

Mesons

Particle Symbol pAz?riii;:Ie Makeup Rest ma;s S |C |B |Lifetime Decay Modes
MeV/c
Pion i i ud 139.6 o o 2.60x10-8 vy
Pion 0 Self wu, dd 1350 0 0 9 083x10716 2y
Kaon Kt K- us 493.7 +1| 0 0 1.24x10-8 phvy, ©hal
Kaon KO, KO, 1% 497.7 +1| 0 0 0.89x10-10 ntn,2n0
Kaon KO KO, il 497.7 +1| 0 0 5.2x10-8 nTe Ve
Eta 0 Self 2% 5488 |0 0 O <018 2y, 3
Eta prime n" Self 2 958 o|ol° T
Rho ot o ud 770 o0 9  o04x102 w0
Rho 00 Self uy, dd 770 00| | o04x102 T
Omega 0 Self uy, dd 782 0 0 9 | o0sxio2 o
Phi 0 Self ss 1020 0 0 9 | 20x1023 | KK~ KOKO
D D+ D cd 1869.4 | 0 | +1 0 |106x1013| K+ e+
D DO DY cu 1864.6 0 | +1 L 4.2x10-13 [K,pe] +
D D D cs 1960 | 41 +1 0 | 47x1013 K+ _
J/Psi Iy Self ce 30069 | 0 0 O | 08x1020 | eter, utp.
B B- B* bu 5279 | 0 | 0 1| 1.sx10-12 DO+
BY BY db 5279 | 0 | o ' | 1.sx1012 DO+
Bs B B sb 5370 0o o ! B+
Upsilon Y Self bb 94604 | 0 | 0 O | 13x1020 | eter, ptpe..




Baryons

+particulas... e

Proton
Neutron

Lambda

2

121

(<)

2

121

o

2

121

(<)

Delta
Delta
Delta
Delta

Xi
Cascade

Xi
Cascade

Symbol

E+

30

A++

A+

Makeup

uud
ddu
uds
uus
uds
dds
uuu
uud
udd

ddd

uss

dss

SSS

udc

Rest mass
MeV/c?

938.3
939.6
1115.6
1189.4
1192.5
1197.3
1232
1232
1232

1232

1315

1321

1672

2281

Spin

1/2
1/2
1/2
1/2
1/2
1/2
32
3/2
3/2

32

1/2

1/2

372

1/2

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

+1

S

0

Lifetime
(seconds>

Stable
920
2.6x10-10
0.8x10-10
6x10-20
1.5x10-10
0.6x10-23
0.6x1023
0.6x1023

0.6x10-23

2.9x10°10

1.64x10°10

0.82x10-10

2x10°13

Decay Modes

peve
pr, nnid
pnd, nr*
Aoy
nm
pr
pn
nn¥

nm
AO,-[O
A7

=20, AOK-




Modelo Padrao
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