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SITUACAO NO FINAL DOS ANOS 40

ELECTRODINAMICA QUANTICA

Teoria quantica dos electrdes , positrbes,
fotdes e da interaccao electromagneética
(Q Q)

FORCA FRACA

Teoria do decaimento radioactivo descrita
pela interaccao de Fermi.

FORCA FORTE

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

(EmA)
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SIMETRIA



PARIDADE

Transformagao de paridade P: ‘PX‘) ‘P&X)

P: 7> —71

Uma dupla transformacao de g 2
paridade corresponde a nao fazer
nadaé
2 =0\ e = N =
P ¢(r) TA 1/)(7‘) T P ¢(r) i i 1/)(7') EVEN PARITY ODD PARITY

A interaccao electromagnética , a forca forte e a
gravidade sao invariantes debaixo de paridade
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Paridade e o puzzle 6 — T

* 1988

Paridade intrinseca: As particulas elementares (e ndo sd) tém uma
paridade infrinseca.
0 00 e

PHYSICAL REVIEW VOLUME 95, NUMBER & SEPTEMBER 15,

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

W. CHixowskKy AND J. STEINBERGER
Columbia itv, New Vork, New Vork
(Received June 8, 1954

The reaction =~ -+d—2n has been observed by r{f‘ti‘Ltll'Ig the two neutrons in coincidence with slow nega-
tive mesons incident on a liquid deuterium tar observed angular correlation of the two neutrons
confirms the identification of the process. The proce: herefore not forbidden, and this fact may be used
to establish the odd relative parity of the pion and the nucleon.

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

ttontnnt :Pr=(-1)°3=-1 0%t 5 ntn%Pr = (-1)? =
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Uma proposta ousada...

'ECENT experimental data indicate closely iden- VoLux ror, NunaEK 1 ccronen 1. 1
tical masses! and lifetimes? of the +(=K,2*) and Question of Parity Conservation in Wealk Interactions*

the 7t(=K,37) mesons. On the other hand, analyses? e ot G, e ok e Yot

C. N. Yawo,t Broakhaven National Laboratory, Upton, New York

of the decay products of 7+ strongly suggest on the e Nl Labt
grounds of angular momentum and parity conservation o T auton oy oot ey and o e o s o v i
that the 7+ and 6* are not the same particle. This poses —

. . . . ECENT experimental data indicate closely iden- PRESENT EXPERIMENTAL LIMIT ON
a rather puzzling situation that has been extensively Gcal massestand lfeimes of the (= K.) and BAITY HONCORSRZVATION
the 7+(=K.s*) mesons. On the other hand, analyses® If parity is not strictly conserved, all atomic and
d' d 4 of the decay products of + strongly suggest on the nuclear states become mixtures consisting mainly of
1scussed. grounds of angular momentum and parity conservation he state they are usually assigned, together with small
that the 7+ and 8" are not the same particle. This poses  percentages of states possessing the opposite parity. The

One Way Out Of the diﬂiculty iS to a,SSllIIle tha,t a rather puzzling situation that has been extensively fractional weight of the latter will be called 52 It is a

discussed.* quantity that characterizes the degree of violation of
One way out of the difficulty is to assume that parity conservation,

pa]'ity iS nOt StriCt].y Conserved, SO that 0.,— and T+ a're parity is not strictly conserved, so that 6+ and + are The existence of parity selection rules which work

d-ﬁ d d f th tv 1 h. h two different decay modes of the same particle, which el in atomic and nuclear physics is a clear indication
II]- ] l l necessarily has a single mass value and a single lifetime.  {hat the degree of mixing, &, cannot be large. From
two 1 erent ecay O es 0 e Sa e par 1C e, il lc We wish to analyze this possibility in the present paper  such considerations one cal; im’posc the limit 35 (r/N)?,

against the background of the existing experimental which for atomic spectroscopy is, in most cases, ~10¢,

. . . . .

necessarily has a single mass value and a single lifetime. ilence o yariy comservation T il bocome doar 11 o T O OB e s s
. . oy ey . that existing experiments do indicate parity conserva-  spectroscopy.

v li.on in strong and electromagnetic interac '30“-".“’ a Parity nonconservation implies the existence of inter-

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
discoveries regarding the
elementary

particles"".
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1956

Em 1956 Cowan e Reines detectaram o0

neutrino do electrao usando como fonte

0S neutrinos provenientes de um reactor
nuclear.

o & 0

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;

t he
neutr.i

det e
noao

or

Filipe Joaquim

20 July 1956, Volume 124, Number 3212 : CI ENCE

Detection of the Free

Neutrino: a Confirmation

C. L. Cowan, Jr., F. Reines, F. B. Harrison,
H. W. Kruse, A. D. McGuire

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

v+t ) (1)

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
cosm ic radi; tic n, it w s felt that an i den-
tification of e free neutrino haa prob-
ably been made.

Design of the Experiment

To carry this work to a more definitive
conclusion, a second experiment was de-
signed (2), and the equipment was taken
to the Savannah River Plant of the U.S.
Atomic Energy Commission, where the

20 JULY 1956
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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 scintill: 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 tn:. Tt = 'nergy resolu-
tion of the detecwors 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 commen to
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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

The authors are on the staff of the University
of California, Los Alamos Scientific Laboratory,
Los Alamos, N.M.
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26 anos depois: finalmente o neutrino

Downloaded from www.sciencemag.org on February 15, 2012




A experiéncia de Wu: um Nobel ndo atribuido?

Em 1957 Wu obtém a prova
experimental de que a paridade ndo é
conservada pela interacgdo fraca.

Experimental Test of Parity Conservation
in Beta Decay*

C. S. Wu, Columbia Universily, New Vork, New York
AND

E. AuBLER, R. W. Haywarp, 1. D. HorpEs, axp R. P. Hupson,
National Bureau of Standards, Washington, D. C.
(Received January 15, 1957)

(®)

N a recent paper' on the question of parity in weak

interactions, Lee and Yang critically surveyed the
_ ! , experimental information concerning this question and
o : . 8 reached the conclusion that there is no existing evidence
Ay | 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 de one could measure
the angular distribution of the electrons coming from
beta decays of polarized nuclei. If an asymmetry in the

B ©

i

Reflections on a life

distribution between 8 and 180°—#@ (where 8 is the angle
between the orientation of the parent nuclei and the
momentium 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®.

Emotionally wrenching
Beyond the familiar
Al things to all people
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PARIDADE E HELICIDADE

S.p
. HELICIDADE: h = —
Paridade |p|
v v h=1 : Direita
Esquerda Direita h=-1: Esquerda
O nosso mundo O r ‘ho
Esquerda ? neutrino ‘»  Direita
pion*
4 \ 4
Esquerda G anti-muon >~  ni
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SIMETRIAS C (conjugag¢do de carga) E CP

©

positive charge negative charge

A conjugacao de carga

antiparticula

@ transforma uma particula na sua
ojn) <o

ALLOWED NOT ALLOWED

= ? neutrino q neutrino D

»

7 4
E G anti-muon 6 anti-muon

C

pion® - i+ pion? - I pion—

D

ALLOWED

* anti-neutrino D
A

4
: muon D)

Filipe Joaquim

TALVEZ CP SEJA CONSERVADA...
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TRANSFORMAGCOES GLOBAIS E LOCAIS

Transformacéao global

Esfera original Rt 20 Transformacéo local
A"" :ﬂ : A"" :4 :
O o 2ranrar & 2 <iai
HH T
- \ -
217 S
3 |f_/ N\ N 7

Os bosOes de gauge (e respectivas forcas ) surgem como
consequéncia de impor invariancia debaixo de simetrias locais
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O MODELO PADRAO: A RECEITA

O GRUPO DE SIMETRIADO MODELO PADRAO E

SU(2) x U(1)

Glashow Weinberg SEIE

1) Distribua as particulas elementares
pelas orepresentacOes 0 do grupo de
simetria .

2) Escreva todas as interaccOes que
sao invariantes debaixo do grupo de
simetria local .

RESULTADOTeoria que descreve a interaccao dos quarks, leptdbes e bosoes
de gauge .

ma s elodas as particulas tém massa nula !
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Até agora a chdvena do CERN é assim:

FUNDAMENTAL PAr—m e Arin INTERACTIONS

FERMIONS . ISONS

]

_— ey AT

ue INTRODUCTION TO
ELEMENTARY PARTICLES
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Como dar massa as particulas ?

* 1962

O CAMPO DE HIGGS...
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A chdvena CERN depois de introduzir o ®

FUNDAMENTAL PARTICLES AND INTERACTIONS

FERMIONS . b ne BOSONS |,

[Es § Lo S

Leplons - 1

e INTRODUCTION TO
ELEMENTARY PARTICLES
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O MECANISMO DE HIGGS

W>0,A>0 e W<0A>0 2 IR
: : V(@) = p* 1%+ X (4]
ONO V¢CULUOD& -L?_
(ERS
Essencial para 0 mecanismo
- N[ R . de Higgs funcionar.

A simetria é quebrada
espontaneamente!!

Os bosodes de gauge (W e 2) e
os fermides adquirem massal!

E... O FOTAO PERMANECE
SEM MASSAI!!I
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O MECANISMO DE HIGGS
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PREMIO NOBEL DA FiSICA 2013

KINGL. e

AKADEMIEN :':-L"-.m._..-----.__w The Nobel Prize 2013 in Physics

Here, at last! - é

X HE
Framcois Englart and Petor W. Higgs are jointly warded the Mobal ‘?' # e Yy
Prize in Physics 20013 for the theory of how particles acguire mass. ;_b*_._
Im T84, they proposad tha theory independently of oach other [Englert .
diid 5o together with his now-deczased colleagus Robaert Brow] f : '

In 2012, their ideas were confirmed by the discovery of aso-callled g ';r
Higgs particle, at tha CERN |aborato ry outsido Genova i Switzorland il

& 's T4

The Jenrdsd meconm = 1 cennal pan i N SACILES 23TICE SCFons AR A
=l ra s Srarsard Meosl of parnics physcs oriy 17 caTocTeEk the Higg fsld_ Saglen and L LY
i ved apn propowed e mMEre ¥ the e £r +
Mcoardingte e Saandare odel sveytang - pursly Toshermicsl greunes_ angtha onky s )
Fere Foser s pecple matars anc plases. tr e C s m b the zarcis. |

SrMma o Lo 2 fee buddrg canr Taa Hahal i 12 ITEGIe
povTRfm it arw govemediby o madm tha sheywaul ge T e e theory confirmes e
by foroe pemicks. Asd he mire Soancard Meos! 9 e bl T dnss recuined an sne e 7
abwremsonthe mewnce el npecnd i of efan by swaice o iran all over e sorid. 5 \ ATLAS
Farichs. i Mg pomide Al il 3 cemmury e the propoasl ma " " 1 b

Tha Higgs mrds m avirsan atn rross_on by & 77, he sheonecal predecion ! f
renible beid thos Al up ol epacs. fenshen could oel oo T Sooee trumsd when e P
i e o R Rl ot chacoveny of the HSge pantche wm armcurced. P
Had & o b 1 b, marhing o shor e ko r =

[ < e e et
Farscls m commee] i tha calesion ard

Puuge desmcmrn ATLAS rcd CME, are capasie of
ssming the prazos callee oo and over sgin,
R ey ——

= £ & - i
e Pl Eraces Sy e ey Frimatal rar gy of tes g Tald The Puals * Er o pom Eagiert Paler W. Siggn ;

et B IO SCDLINE TLEE I CON TR The Higge mecharmrs rees o e coce of Higge zanicls [<lw s the Lae . Hara Hr o
140 Ivmibis Said thon FLs the shols Lrsm-ss SpOrEarscan sy break g, [r Lrverss pnnnmm':umm?; iy T r [ -y fr o Tpre— Fi
Parcciss i are rec aFscaed oy the Hgge s progably Sory symrerr s 1T, was aaeea Zearchird Woes! oot Bl sece e "‘q Eegum Frolemer W Lresd i
Fald 32 ro soquire s, thons L reTact nl-lwu-u-puu-m_--mg camTes purrie. Ous of 18 resacrs ke this e Lnverwak :ﬂmm 1
wpaky Secorms | -:mu-1u-:.1 Jr— oy I1haz1ae Sandrd Mooed 27w descnisem vmids e - i [ ——— L @ ey i
wroag e sascroan a3 mecond i‘-'i- g the syTaTIETY IR WTTuTatg for o aond of 3l o - Enosds EeogeT. of fdriw gt Lrasd 3
:q.l'ln_h'u'nlhl-f.l.'l =T 2 mamiETg [ p—— —:’A-:m_m 1he riverss . To g the e - the. s e |'r ™ r [ i
W 3l ronsrweud migme antae wE vz B [T o e memme e me-cailed cark T - more ol G s . i
Toasis e s walam ol e i = by charmimi Corrs m chass brioows ! 3
spsed o Light. Tsew ek oros carrmns Woand B 17 hewaciure mme hos been rorasea [t ——— H
T Cget e Tomem ey traugh 3 A 2 I||' i
4 HgEe macharnrs shis the or g of the i
raLtrD rossm el e aacea | H
J|' :
FURTHER READING! R a i et [T [ 1 e
et - e = e s ‘..._ ‘._._J_. —

PETERT e et i ey i LB
= e
T T =
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O MECANISMO DE HIGGS

Algumas previsfes da teoria:

Meors 8= My |, smn?ew = 1- Mu® /Ma.-
MN SMLCBW 4—T~]_6-::

Os hosoes W e Z foram descobertos no
CERN em 1983.

W, = §0.385% 0.0IS G a7
My =1.1336 * 0.036 Genf O detector gargamelle

R R S Lo
——

O prémio Nobel da Fisica foi atribuido a Rubbia e
Van De Meer em 1984;

“for their decisive contributions to
the large project, which led to
the discovery of the field particles
W and Z,communicators of weak
Interaction"
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