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1932

Modelo do atomo durante
0s anos 20;

Protoes + eleciroes

Inconsistente com a “nova” MQ.

as 3 mm. at N.T.P.

These results, and others I have obtained in the
course of the work, are very difficult to explain on
the assumption that the radiation from beryllium
is a quantum radiation, if ener

and momentum
are to be conserved in the collisions. The difficulties
disappear, however, if it be assumed that the radia-
tion consists of particles of mass 1 and charge 0, or
neutrons. The capture of the a-particle by the

nucleus may be supposed to result in the

O prémio Nobel da Fisica foi
afribuido a James Chadwick em
1935;

for the discovery of the
neutron”

lipe Joaquim
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Letters to the Editor

(The Editor does not hold himself rc.vp«nm’ll ]
opinions expressed by his correspondents
can he undertake to relurn, nor to corres
the writers of, rejec

of anonymous communicatio

Possible Existence of a Neutron
o shown by Bothe and others that
n bumhnn{ml by vxrtu-lm of polonium

.mab vrp[mn oofficient in lead of about
-Jolio

that the ation increased when matter containing
hydrogen was placed in front of the window. The
effect appeared to be due to the i
with velocities arly 10* cm.
per s They 3 at the srence of
o the proton was by & process similar to the
Compton efiect, and estimated that the beryllium radia-
tion had & quantum energy of 50 x 10¢ electron volts
I have made some experime using the valv
ounter to examine the propert;
ted in beryllium. The valve
& small ionisation chamber connected to an ampli
and the sudden production of ions by the entry of a
particle, such as a proton or 3 mm»r:lzl
by the deflexion of an oscillo
ments have shown that the radiation qucl F
from hydrogen, helium, lithium, beryllium, carbon,
air, and argon. The particles ejected from hydrogen
s regards range and ionising pow like
rotons with speeds up to about 3-2 x10° em. per
he particles from the other elements have a large
ionising power, and appear to be in each case recoil
atoms of the elem
1f we aseribe the ejection of the proton to a Compton
recoil from a quantum of 52 x 108 electron volts,
then the nitrogen recoil atom arising by a similar
process should have an energy not greater than about
400,000 volts, should produce not more than about
10,000 ions, and have a range in air at N.T.P. of
about 1-3 mm, tually, some of the recoil atoms
in nitrogen produce at least 30,000 ions. In col-
laboration with Dr. , I have observed the
recoil atoms in an exy chamber, and their
range, estimated visually ymeotimes as much

to oxplnun on

adiation from beryllium

is a qlmntum rad;
are to be conserved in the collis The diffi

i v cr. if it be assumed that tho radia-

les of mass 1 and charge 0, or

neutrons. The cnpu e of the a-particle by the
Be® nucleus may be supposed to result in the
formation of a C'* nucleus and the emission of the

neutron. From the energy relati of this pros
the velocity of the neutron emitted in the forward
direction may well be about 10° cm. per se

es give rise to the recoil atoms, and the

ergies of the recoil atoms are in fair
agreement with this v Moreover, I have ob-
served that the protons ejected from hydrogen by tho

radiation emitted in the opposite direction to that of |

the exciting o appear to have a much smaller
rango than those ejected by the forward radiation.

No. 3252, Vor. 129]

of this mdnur\n |

f energy and m(lmo']tum {

O neutrdo

[FEURI'.\RY 27, 1932

again receives a simple o\p]uummn on lho

| neutron hypothesis.

If it be suppo ed that the radiation consists of
quanta, then the capture of the a-particle by the

| Be* nucleus will form a (' nucleus. The mass

defect of C'* is known with sufficient accuracy to
show that the energy of the quantum emitted in this
process cannot be greater than about 14 x 10% volts.
difficult to make such a quantum responsible
effects ok v
to be
neutron in pa g t\rml;,h matter \hu\ll(l re umbln
those of a quantum of high energy,

| to reach the final decision between the two 1

th, Up to th nt, all the evic
favour of the neutron, while the quantum hypc nhmu

: can only be upheld if the conservation of energy and

momentum be relinquished at some point.
J. CHADWICK.
C u.\ endish Lubnrulqn )
Cambridge, Feb. 17

The Oldo Human Skeleton

A LETTER appeared in NATURE of Oct. 24, 1931,

i Hopwood, and Reck

is stated
thcx » is no possible doubt tha the human skeleton
came from Bed No. 2 and not from Bed No.4”. This
to mean that the skeleton is to be
od as a natural deposit in Bed No. 2, which is
ov erlm'i by the later beds Nos. 3 and 4, and that all
ration of human interment lo

If this be true, it is & most unv 0

sleton, which is of modern type, w-(h filed teoth
was found comple down even to th
phalanges, and in & position of
traction. Complete mammalian
age aro, as field palmontologists know, of great rarity.

) perfection can usually be
lained as the result of sudden death and immediate
i y nic dust. Many of the more or
In-« perfoct skeletons which may be seen in museums
have been rearticulated from bones found somewhat
scattered as the result of death from floods, or in the
neighbourhood of drying water-holes. We know of
no case of a perfect articulated skel being found
in company with such broken and i
as appear to be abundant at Oldow
s aro all complete, as in the Ste
City. I\'ehm ku. re all scatf
s, as in ordinary bone beds.
Hmrefnrr that the Oldov eleton
| burial is thus one that will
ntologists.

Tho &.l\(\lnh)n was exhumed in 1913, and published
photographs show that the excavation made for its
lisinterment was extensive. It is, therefore, very
difficult to believe that in 1931 there can be reliabie
evidence left at the site as to the conditions under
which it was deposited. If naturally deposited in
Bed No. 2, the skeleton is of the hwhv-l possible
importance, because it would Mousterian

| age, and would be in the company of l‘xlhuunlhrupuv

1d the Piltdown, Heidelberg, and Peking men, all
of whose remains are fragmentary to the last degree.
Of the v other human remains for which such
antiquity is claimed, the Galley Hill skeleton and the
Ipswich skeleton are, or apparently were, complete.
The first of these was never seen in situ by any
trained observer, and the latter , We eve, been
withdrawn by its discoverer. The other frag
found long ago, are entirely without
evidence as to (|n-lx‘ mode of oceurrence
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A teoria de Femi
® 1932

¢ - TENTATIVO DI UNA TEORIA DEI RAGGI
Em 1934, Fermi propde a * e
primeira teoria para explicar Nota () 41 Exrico Fara
o decaimento p dos
Sunto. - Si propone una teoria quantitativa dell’emissione dei raggi [

7
nUC|eOS. in cui gi ammette Uesistenza del « neutrinio » ¢ si tratta Uemissione degli
clettroni e dei neutrini da un nucleo allalto della disintegrazione (3 con
un procedimento simile a quello seguito nella teoria dell’ irradiazione
per deserivere Uemissione di un quanto di luce da un atomo eccitato.
Vengono dedotte delle formule per la vita media e per la forma dello
speliro continuo dei raggi (, e le si confrontano coi dati sperimentali.

Ipotesi fondamentali della teoria.

§ 1. Nel tentativo di costruire una teoria degli elettroni nucleari

e dell’emissione dei raggi B, si incontrano, come & noto, dne difficolta
principali. La prima dipende dal fatto che i raggi § primari vengono
emessi dai nuelei con una distribuzione continua di velocita. Se non
si vuole abbandonare il principio della conservazione dell’energia, si
deve ammettere percid che una frazione dell'energia che si libera
nel processo di disintegrazione § sfugga alle nostre attuali possibi-
Esta descrig(“jo NnAo é Vé“dO para lita di osservazione. Secondo la proposta di PauLt si pud p. es. am-

mettere 1’esistenza di una nuova particella, il cosi detto « neutrino »,

toda @ gama de eﬂergiOS... avente carica elettrica nulla e massa dell’ordine di grandezza di

quella dell’elettrone o minore. Si ammette poi che in ogni processo &

0 = vengano emessi simultaneamente un clettrone, che si osserva come
Tempo de vida do mudo: : lancanene sl
19273 Constante de Fermi:

= s Gr = 1.166364x105GeV 2
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A forca nuclear

® 1931

O nucleo € constituido por protoes e neutroes...

Mas qual a forca que os mantém ligado no nicleo?

To remove this defect, it seems natural to modify the theory of
Heisenberg and IFermi in the following way. The transition of a
heavy particle from neutron state to proton state is not always accom-
panied by the emission of light particles, i.¢., a neutrino and an electron,

but the energy liberated by the transition is taken up sometimes by
another heavy particle, which in turn will be transformed from proton
state into neutron state. If the probability of occurrence of the latter

LW

Potencial de Yukawa: Repulsdo electrostdtica

O prémio Nobel da Fisica foi atribuido a

mcr
Ok Hideki Yukawa em 1949;
V(T') — —gz v | -~
72 for his predicfion of the
existence of mesons on the [
basis of theoretical work on ¢
e il ¥ - nuclear forces".
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O mudo e o pido

® 1938

Em 1936 Anderson observam novos rastos B e
numa camara de Wilson com massa o ok EERGE B . SgRe s
“intfermédia”. 0 ; :

Seria esta particula B b

cevovar (s aasig

Nd&o. Esta nova particula ndo tinha afinidade para se ligar ao nucleo.

Anderson chamou a esta particula o “mesotrdo’” (hoje conhecida

como mudo ). O pido viria a ser descoberto em 1946.

O prémio Nobel da Fisica foi atribuido a Cecil Powell em 1950;

"for his development of the photographic method of 4%
studying nuclear processes and his discoveries |
regarding mesons made with this method".

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09-08/09,2017 &



O desvio de Lamb

N =

Segundo as previsoes de Dirac, os estados
sQo degenerados

2p (n=2, I=1) op. (j=312) Em 1947 Willis Lamb e Robert
4y Retherford mediram uma diferenca de

2s (n=2, 1=0) %, (F12) 2., energia entre estes dois nivels.
2s
Wy ¥ S, (171/2) 122 ,Qv O prémio Nobel da Fisica foi afribuido
B2 ‘ a Willis Lamb em 1955;
N "for his discoveries
4 X & concerning the fine structure oA

of the Hydrogen spectrum”.
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1947

Bethe calculou pela
primeira vez o desvio
de Lamb obtendo o
valor de:

1040 MHz

figure and K =mc?, the logrithm has the value
7.63, and we find

Wns, =136 lIl[K/ (En - Em)]

(12)

= 1040 megacycles.

71 am indebted to Dr. Stehn and Miss Steward for the
numerical calculations.

Bethe foi o primeiro a determinar as
correccoes relevantes para o
desvio de Lamb.

Filipe Joaguim

Bethe e o desvio de Lamb

Conferéncia em Shelter Isiand (1947)

PHYSICAL REVIEW

VOLUME 72,

NUMBER 4 AUGUST 15, 1947

The Electromagnetic Shift of Energy Levels

H. A. BETHE

Cornell Un

ity, Ithaca, New York

(Rec June 27, 1947)

Y very beautiful experiments, Lamb and

Retherford' have shown that the fine struc-

ture of the second quantum state of hydrogen

does not agree with the prediction of the Dirac

theory. The 2s level, which according to Dirac’s

theory should coincide with the 2p; level, is

actually higher than the latter by amount of
about 0.033 cm™ or 1000 me S.

had long been suspected from spec-

However, so far no

<planation has been

given. Kemble and Present, and Pasternack® have

shown that the shift of the 2s level cannot be

Rev. 72, 241 (1947).
V.

Present, Phys. I\Aev. 44, 1031
s. Rev. 54, 1113 (1938).

Infroducdo & Fisica de Particulas (3/4)

explained by a nuclear interaction of reasonable
magnitude, and Uechling® has investigated the
effect of the “‘polarization of the vacuum’ in the
Dirac hole theory, and has found that this effect
also is much too small and has, in addition, the
wrong sign.

Schwinger and Weisskopf, and Oppenheimer
have suggested that a possible e nation might
be the shift of energy levels by the interaction of
the electron with the radiation field. This shift
comes out infinite in all existing theories, and has
therefore always been ignored. However, it is
possible to identify the most strongly (linearly)
divergent term in the level shift with an electro-
magnetic mass effect which must exist for a bound
as well as for a free electron. This effect should

8 E. A. Uehling, Phys. Rev. 48, 55 (1935).
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Mais problemas...

Apesar de resolver algumas questoes em aberto, a MQR ainda
ndo era uma teoria satisfatoria.

¢* [ o e ¥
E M —>1>~|Mc. b  ;

/1C - Comprimento de onda de Compton

PRINCIPIO DA INCERTEZA: A? >/_l = WMc
D

Conclusdo: Se tentarmos localizar uma particula de massa m numa regido
do espaco de dimensdes menores que 4., entdo as flutuacoes na energia
sdo suficientes para criar um par particula-antfiparticula.

UMA TEORIA COMPLETAMENTE RELATIVISTA NAO SE PODE BASEAR NA IDEIA
DE QUE UM SISTEMA PODE SER DESCRITO PELA FUNCAQO DE ONDA A 1
PARTICULA.

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09-08/09,2017 8



TEORIA QUANTICA DE CAMPOS (TQC)

MECANICA QUANTICA: Posicdo e momento sdo tfratados como operadores:

d
t=xy , p=—iho

EO TEMPO T ¢

Numa fteoria relativista espaco deveriam estar em pé de

igualdade. Mas em MQ o tempo € um pardmetro.

EMTQC, A POSICAO E O MOMENTO SAO DESPROMOVIDOS A
PARAMETROS QUE SAO ARGUMENTOS DE UM CAMPO

b (x, t) SEGUNDA QUANTIFICACAO

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09-08/09,2017 9



TEORIA QUANTICA DE CAMPOS (TQC)
¢ (x,t) = f(a,a")

- operadores de criacao e aniquilacao

Estadosem TQC: |p)=a*(p)|0)

Estados com varias particulas:

Estados com vdria particulas: |py,py) = a*(py) a* ()| 0)

Aniquilacdo: a(p,)|p., p2) = |P2)

O operador campo actua em estados de fal modo que se
podem criar ou aniguilar particulas!

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09 - 08/09,2017 10



ElectrodinGmica qudntica

TQC DOS FOTOES, ELECTROES, POSITROES E SUAS INTERACOES

ElectroDinamica Quantica - EDQ (QED)

o S 1
P A
X e A 7
o -~ -~
S )
J= %
~)
-

Schwinger Tomonaga Dyson Feynman

The Nobel Prize in Physics 1965 was awarded jointly to Sin-Itiro
Tomonaga, Julian Schwinger and Richard P. Feynman "for their
fundamental work in quantum electrodynamics, with deep-
ploughing consequences for the physics of elementary particles".

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09-08/09,2017 11



Uma ama Universal

o 1943

Em 1948 Feynman desenvolveu um
método “grafico” que permite
calcular processos que envolvem

iInferaccoes entre particulas
elementares.

vf Y

A TECNICA DOS DIAGRAMAS DE FEYNMAN E USADA PARA CALCULAR AS “PROBABILIDADES”
DE OCORRENCIA DE PROCESSOS ENVOLVENDO PARTICULAS ELEMENTARES.

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09 - 08/09,2017 12



O VACUO QUANTICO

EM FiSICA QUANTICA O

vacuo

(latim vacuus, -a, -um) VACUO ESTA LONGE DE

adj.

Que ndo contém nada; que ndo se acha ocupado por SER ESPACO VAZIO...

coisa alguma. = 0CO, VAZIO
[Juridico, Jurisprudéncia] Que se possui mas que nao

se desfruta ou ndo se goza. PIH EnergiO—’rempO

s. m.
Espaco circunscrito que ndo contém ar ou que se h

supoe vazio. E >
O espaco entre os corpos celestes que se supde vazio. A At o

2

29 Quantizacdo: O campo E.M. pode ser interpretado como um
conjunto infinito de osciladores harmonicos cujo estado fundamental
tem energia ndo nula.

Polarizacdo do vacuo

G

A semelhanca da polarizacdo
de um dieléctrico.

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09-08/09,2017 13



O DESVIO DE LAMB

Polarizacdo do vdacuo Correccdo ao vertice Correccdo A energia
propria
e
2p (n=2, I=1) 2p., (j=3/2) -27 MHz 1017 MHz
2s (n=2, =0 J
: 2s
— 1/2
(XGEANED) 2512 (INig) 68 MHz
Bohr Dirac QED

Teoria: 1058 MHz , Exp: 1057.9

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09-08/09,2017 14



O EFEITO CASIMIR

Segunda Quantizacdo: O campo
electromagnético consiste num \/\
conjunto de osciladores harmonicos. /\/\

F(a) m?* hc

A 240a*

Estre as placas condutoras so alguns modos ddo permitidos.
EFEITO: Forca entre as placas condutoras.

CASIMIR (1948):

s
§C

VOLUME 78, NUMBER 1 PHYSICAL REVIEW LETTERS 6 JANUARY 1997

Demonstration of the Casimir Force in the 0.6 to 6 xm Range

S.K. Lamoreaux*

Physics Department, University of Washington, Box 35160, Seattle, Washington 98195-1560
(Received 28 August 1996)

The vacuum stress between closely spaced conducting surfaces, due to the modification of the zero-
point fluctuations of the electromagnetic field, has been conclusively demonstrated. The measurement

employed an electromechanical system based on a torsion pendulum. Agreement with theory at the
level of 5% is obtained. [S0031-9007(96)02025-X]

PACS numbers: 12.20 Fv, 07.07 Mp
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SITUACAO NO FINAL DOS ANOS 40

ELECTRODINAMICA QUANTICA

Teoria qudantica dos electroes, positroes,
fotdes e da interaccdo electromagnética.

(e”,e™,y)

¥ FORCA FRACA
&

Teoria do decaimento radioactivo descrita
pela intferaccdo de Fermi.

FORCA FORTE

Forca responsavel pela coesdo do nucleo
descrita pelo potencial de Yukawa.

(n, p, )

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09-08/09,2017 16






PARIDADE

Transformacdo de paridade P: ‘I’i") ‘P){X)
P: 7> —7
Uma dupla transformacdo de X +X

paridade corresponde a ndo fazer
nada...

lel)(F) 7 1/)(?) =P 1/)(?) =% ¢(F) EVEN PARITY ODD PARITY

dr . S
Vector: P(p) =P (E) = —p Pseudo-vector: L =rxp, S

A intferaccado electromagnética, a forca forte e a
gravidade sdo invariantes debaixo de paridade.
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Paridade e o puzzle 6 —t

® 1938

Paridade intrinseca: As particulas elementares (e ndo sé) tém uma
paridade intrinseca. ,
PT — P P

PHYSICAL REVIEW VOLUME 95, NUMBER 6 SEPTEMBER 15, 1954

Absorption of Negative Pions in Deuterium : Parity of the Pion*

W. CHiNOwWsKY AND J. STEINBERGER
Columbia University, New Vork, New Vork
(Received June 8, 1954)

The reaction #~-+d—2n has been observed by detecting the two neutrons in coincidence with slow nega-
tive mesons incident on a liquid deuterium target. The observed angular correlation of the two neutrons
confirms the identification of the process. The process is therefore not forbidden, and this fact may be used
to establish the odd relative parity of the pion and the nucleon.

Dalitz (1954): Puzzle 6 — T Duas particulas (mesdes 6 e T) com a
mesma massa decaiam para estados de paridade diferente.

ttontant :Pr=(-1)3=-1 0* > tn% Py = (-2 =1

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4) CERN, 03/09-08/09,2017 19



1958

ECENT experimental data indicate closely iden-
tical masses! and lifetimes? of the 6+ (=K ,s*) and
the 7+(=K,3st) mesons. On the other hand, analyses®
of the decay products of 7+ strongly suggest on the
grounds of angular momentum and parity conservation
that the 7+ and % are not the same particle. This poses
a rather puzzling situation that has been extensively
discussed.*

One way out of the difficulty is to assume that
parity is not strictly conserved, so that 6+ and 7+ are
two different decay modes of the same particle, which
necessarily has a single mass value and a single lifetime.

Fiipe Joaguim Infroducdo & Fisica de Particulas (3/4)

discoveries regarding the

Uma proposta ousada...

PHYSICAL REVIEW VOLUME 104, NUMBER 1 OCTOBER 1, 1956

Question of Parity Conservation in Weak Interactions*

T. D. Lek, Columb w York, New York

examined. Possible
rvation in th

PRESENT EXPERIMENTAL LIMIT ON
PARITY NONCONSERVATION

If parity is not stri

s
that the 7+ and #* are not the same particle. T ses
a rather puzzling situation that has been extensively
discussed.*

a S
evidence of
that

ion

O prémio Nobel da Fisica foi atribuido a C.N. Yang e

T.D. Lee em 1957;

“for their penetrating
investigation of the so-
called parity laws which

has led to important

elementary

particles™.
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1958

Em 1956 Cowan e Reines detectaram o

neutfrino do electrdo usando como fonte

0s neutrinos provenientes de um reactor
nuclear.

Vo+p-on+et

present work was done (3). This work
confirms the results obtained at Hanford
and so verifies the neutrino hypothesis

suggested by Pauli (4) and incorporated
in a quantitative theory of beta decay by
Fermi (9).

O prémio Nobel da Fisica
foi atribuido a F. Reines
em 1995;

“for the detection of the
neutrino”

Filipe Joaguim

20 July 1956, Volume 124,

Detection of the Free

Neutrino: a Confirmation

C. L. Cowan,

A tentative identification of the free
neutrino was made in an experiment
performed at Hanford (1) in 1953. In
that work the reaction

v-+p*t—> B +n’ (1)
was employed wherein the intense neu-
trino flux from fission-fragment decay
in a large reactor was incident on a de-
tector containing many target protons in
a hydrogenous liquid scintillator. The re-
action products were detected as a de-
layed pulse pair; the first pulse being due
to the slowing down and annihilation of
the positron and the second to capture
of the moderated neutron in cadmium
dissolved in the scintillator. To identify
the observed signal as neutrino-induced,
the energies of the two pulses, their time-
delay spectrum, the dependence of the
signal rate on reactor power, and its mag-
nitude as compared with the predicted
rate were used. The calculated effective-
ness of the shielding employed, together
with neutron measurements made with
emulsions external to the shield, seemed
to rule out reactor neutrons and gamma
radiation as the cause of the signal. Al-
though a high background was experi-
enced due to both the reactor and to
cosmic radiation, it was felt that an iden-
tification of the free neutrino had prob-
ably been made.

Design of the Experiment

To carry this work to a more definitive
conclusion, a second experiment was de-
ed (2), and the equipment was taken

to the Savannah River Plant of the U.S,
Atomic Energy Com: , where the

20 JULY 1956

Infroducdo & Fisica de Particulas (3/4)

, F. Reines, F. B. Harrison,
W. Kruse, A. D. McGuire

present work was done (3). This work
confirms the results obtained at Hanford
and so verifies the neutrino hypothesis
suggested by Pauli (4) and incorporated
in a quantitative theory of beta decay by
Fermi (5).

In this experiment, a detailed check of
each term of Eq. 1 was made using a
detector consisting of a multiple-layer
(club-sandwich) arrangement of scintil-
lation counters and target tanks. This
arrangement permits the observation of
prompt spatial coincidences character-
istic of positron annihilation radiation
and of the multiple gamma ray burst due
to neutron capture in cadmium as well as
the delayed coincidences described in the
first paragraph.

The three “bread” layers of the sand-
wich are scintillation detectors consisting
of rectangular steel tanks containing a
purified triethylbenzene solution of ter-
phenyl and POPOP (6) in a chamber 2
feet thick, 6 feet 3 inches long, and 4 feet
6 inches wide. The tops and bottoms of
these chambers are thin to low-energy
gamma radiation. The tank interiors are
painted white, and the solutions in the
chambers are viewed by 110 5-inch Du-
mont photomultiplier tubes connected in
parallel in each tank. The energy resolu-
tion of the detectors for gamma rays of
0.5 Mev is about 15 percent half-width
at half-height.

The two “meat” layers of the sand-
wich serve as targets and consist of poly-
ethylene boxes 3 inches thick and 6 feet
3 inches by 4 feet 6 inches on edge con-
taining a water solution of cadmium
chloride. This provides two essentially in-
dependent “triad” detectors, the central
scintillation detector being common to

CERN, 03/09-08/09,2017 21
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both triads. The detector was completely
enclosed by a paraffin and lead shield
and was located in an underground room
of the reactor building which provides
excellent shielding from both the reactor
neutrons and gamma rays and from
cosmic rays.

The signals from a bank of preampli-
fiers connected to the scintillation tanks
were transmitted via coaxial lines to an
electronic analyzing system in a trailer
van parked outside the reactor building.
Two independent sets of equipment were
used to analyze and record the operation
of the two triad detectors. Linear ampli-
fiers fed the signals to pulse-height selec-
tion gates and coincidence circuits. When
the required pulse amplitudes and co-
incidences (prompt and delayed) were
satisfied, the sweeps of two triple-beam
oscilloscopes were triggered, and the
pulses from the complete event were
recorded photographically. The three
beams of both oscilloscopes recorded sig-
nals from their respective scintillation
tanks independently. The oscilloscopes
were thus operated in parallel but with
different gains in order to cover the
requisite pulse-amplitude range. All am-
plifier pulses were stored in long low-
distortion delay lines awaiting electronic
decision prior to this acceptance.

Manual analysis of the photographic
record of an event then yielded the
energy deposited in each tank of a triad
by both the first and second pulses and
the time-delay between the pulses. Using
this system, various conditions could be
placed on the pulses of the pair compris-
ing an acceptable event. For example, ac-
ceptance of events with short time delays
(over ranges up to 17 microseconds, de-
pending on the cadmium concentration
used) resulted in optimum signal-to-
background ratios, while analysis of those
events with longer time delays yielded
relevant accidental background rates.
Spectral analyses of pulses comprising
events with short time delays were also
made and compared with those with
long delays.

This method of analysis was also em-
ployed to require various types of energy
deposition in the two tanks of a triad.
For instance, the second pulse of an event
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26 anos depois: finalimente o neutrino
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A experiéncia de Wu: um Nobel ndo atribuido?
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N a recent paper! on the question of parity in weak

interactions, Lee and Yang critically surveyed the
experimental information concerning this question and
reached the conclusion that there is no existing evidence
either to support or to refute parity conservation in weak
interactions. They proposed a number of experiments on
beta decays and hyperon and meson decays which would
provide the necessary evidence for parity conservation
or nonconservation. In beta decay, one could measure
the angular distribution of the electrons coming from
beta decays of polarized nuclei. If an asymmetry in the
distribution between 6 and 180°—#@ (where 6 is the angle
between the orientation of the parent nuclei and the
momentum of the electrons) is observed, it provides
unequivocal proof that parity is not conserved in beta
decay. This asymmetry effect has been observed in the
case of oriented Co®,
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PARIDADE E HELICIDADE
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SIMETRIAS C (conjugac¢do de carga) E CP

A conjugacdo de carga
. transforma uma particula na sua
antiparticula
Clp)=1p)
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TALVEZ CP SEJA CONSERVADA...
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TRANSFORMAGCOES GLOBAIS E LOCAIS

Transformacdo global ]
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Os bosoes de gauge (e respectivas forcas) surgem como
consegquéncia de impadr invaridncia debaixo de simetrias locais
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O MODELO PADRAO: A RECEITA

O GRUPO DE SIMETRIA DO MODELO PADRAO E:

SU(2) x U({1),

Glashow Nellelgn!

1) Distribua as particulas elementares
pelas “representacoes” do grupo de
simetriQ.

2) Escreva todas as interacgcdes que
sQo invariantes debaixo do grupo de

simeftria local.

RESULTADO: Teoria que descreve a interaccdo dos quarks, leptoes e bosoes
de gauge.

mas... Todas as particulas tém massa nula |
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Até agora a chdvena do CERN é assim:
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us INTRODUCTION TO
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