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SITUACAO NO FINAL DOS ANOS 40

ELECTRODINAMICA QUANTICA

Teoria gudantica dos electroes, positroes,
fotdes e da inferaccdo electromagnética.

(e7,e™,y)

FORCA FRACA

Teoria do decaimento radioactivo descrita
pela interaccdo de Fermi.

FORCA FORTE

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

(n, p, )
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PARIDADE

Transformacdo de paridade P: ‘1‘;\") ‘Pﬁ)
P: 7> —7
Uma dupla transformacdo de +X +X

paridade corresponde a ndo fazer
nada...

Pzw(F) 7 II)(F) =P II}(F) == 1/)(‘?) EVEN PARITY ODD PARITY

-

) dr . N
Vector: P(p) =P <E> = —p Pseudo-vector: L =7 xp, S

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

° 1958

Paridade intrinseca: As particulas elementares (€ ndo sé) tém uma
paridade intrinseca. ,
P =PP

PHYSICAL REVIEW VOLUME 95, NUMBER 6 SEPTEMBER 15, 1954

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

W. CHINOWSKY 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,

L1

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

ttontnnt:Pr=(-1)°=-1 0" > ntn%Pr=(-1)2?=1
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Uma proposta ousada...

1958

ECENT experimental data indicate closely iden- , , e ke

tical masses' and lifetimes® of the (=K ,s") and Question of Parity Conservation in Weak Interactions®
the 7+(=K,s*) mesons. On the other hand, analyses’ T T i T e e
of the decay products of 7+ strongly suggest on the
grounds of angular momentum and parity conservation
that the 7+ and 6* 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 =+ are
two different decay modes of the same particle, which
necessarily has a single mass value and a single lifetime.

PREESENT EXOPERIMENTAL LINIT ON
PARITY NONCONSERVATION

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 g4

particles™. &

. © 2004

i ~TRATINKER.
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° 1958

Em 1956 Cowan e Reines detectaram o

neutrino do electrdo usando como fonte

0S neutrinos provenientes de um reactor
nuclear.

Vv, +p-on+e”

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 Joagquim

20 July 1956, Volume 124,

Detection of the Free

Neutrino: a Confirmation

C L. Cowan, Jr.,

F. Reioes, F. B. Harrison,

H W, Knawe, A, D, McGuire

A tentative Idmeifcation of the lree
Bewtring wis made @8 an experiment
formed 2t Handord (7] in 1953, In

. artion

)

10w
x 1 oot decay
st wat incident on a de-
onlaning many Larget protons in
a hydrogenous Lquid sintillaser, The re-
sction peoducts were detectod 21 3 de.
Layed pulse pair, the first polse being doe
to the sowing down and sandilation of
the positron asd the second 10 capture
of the modersted pevtron in cadevium
dasived in the scissiflator, To identify
the observed sgmal as aeutrino-induced,
the enorpies of the two palses, their tme
delay spectrum, the dopmdonce of e
sgnal rate on reactor power, and it mag-
mirade as compared with the predicied
tate were waed The caloslated effective-
sew of the shuriding employed, together
with ncutron measmerments made
lsoen external 8o the shicld, seemned
8 rule out Teacior Twutsums aesd gamma
s a4 the cause of the signal. A}
e 4 hagh backgrousd was expers
onced due
comnic radiation, 0 was fele that
ws v of the free nevtrioo had prob-
o made

Design of the Experionent

2 more definaive

d experiment was de-
nd e equipenens wal hen
nsh River M { the US,
nergy Commintion, where the

To carry th

2 JULY 1
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powsent work was dose (3). This work
confirms the resules obexised at Haslord
and o verifies the peutrino hypothesis
sggested by Pauli (4) and iacorperaced
- ntieative theory of beta decay by
Ferm 3

In tha exgerimes
esch teres of Eq. )
evector commisting of & multiple-layer
clubandwich) armagement of wian!
latiom counters and tamget tacks This
srmaagement permits the obwervation of
prompe tparial coincidraces characrer
Wie of poseron ansihilation radiation
and of the multiple gamma roy burst dee
o newtron captare in cadmium a well as
the delayed coiacidences described in the
firet panagraph

The three “bread™ layers of the sand
wich are scintillation detecsors cons
of rectangelar steel tanks cons
purided triethyBenseae wolation of ter-
phemyl sod POPOP (6) in & chamber 2

b feet 3 inches loag. and 4 feet

painted white, and the solutions in ¢
hambers are viewed by 110 Sdnch De
moat ghoscaltiplier tubes connected in
in each vank. The eacrgy rescds-
ton of e detecsors for gamma rays of
05 Mev is about 15 peecent halfwidd
ot half-Beight
The two “mear™ layers of the mnd
wich serve as targets and conulet of poly-
ethylene bomes 3 inches thick and 6 feet
3 loches by 4 feex 6 es o0 edge con
tainieg » water solu of cadenium
Alotide. Thin peovides fwo exentially i
dependens “rad” detecsony, the cent
o detectce being commeon 0

CERN, 01

26 anos depois: finalmente o neutrino

e SCIENCE

bodh triads. The detecoor was completely
enclosed by a paraffia and bead shicld
atud wan located in an underground room
of the resctor bullding which provides
excellent shurdding from boek the reactor
peutrons and gamea rays aad from
commbe Eayn

The signals from » bask of prrnr.—h
ey comnected 10 the santillation anks
were transmitted via coaxial lines o an
electronic smalyring system in & trailer
van parked outsde the reactor tuildag
Two iasdependent sets of equipsacat were
used 10 analyre and record the eperation
of the vwo wriad desectons. Linear amgili
frs fod the sigmal 1o palse-Beight selec-
o gates and comcidence circuits. Whes
e required pulie ampiitedes and oo
incideece (peoenpt and delayed) were
atabed, e pweeps of two triple-deam
oscilloscopes were triggered, and the
pulses freen the complete event were
recceded phosographically, The three
brams of both oacilloscopes trcordad g
nals from hele repective sciaellation
tanks indegendently. The oncilloacopes
were thu operated m paraliel bot wih
different gaiom in order to cover the
requaite pelse-amplitude range. / m
plifier polses were stored i long
ducortion delyy Tines awalting cleciromic
decision price to thia acceptance

amual asalyvia of the photographic

record of an event then yicdded the
energy deposited in each rank of » wisd
by both the fiest sad second pulses 2od
the ume-delay betweren the pultes Using
this system, various conditions could be
placed on the pulies of the pair compris-
ing an acceptable event. For example, ac
ceptance of events with sthort time delayny
{over ranges wp o 17 microscconds, de-
prodag on the cadmiem concentration
wed) resulted in optimum  signal-so-
background ratios, while snalyss of those
events with Jooger time delays yhedded
relevast accidestal backgroend rates
Speconal analyses of pulses com
evenss with dhort time delay b
made and compared with these w
loag delayr

This method of asalyvs was alwo em-
ployed 1o require various types of energy
deposition n he two of » wiad
Fot iniance, the sex of an event

The sndhors s o e ol of B Unhareny
of Cullbornin, Low Alums Scwssife Ladawarory,
[PSrTe—

»
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A experiéncia de Wu: um Nobel ndo atribuido?

° 1956 ,
Em 1957 Wu obtéem a prova
experimental de que a paridade ndo é
Q Q po n conservada pela interac¢cdo fraca.

<o
>

Experimental Test of Parity Conservation
in Beta Decay*

C. 8. Wu, Columbia Universily, New Vork, New York

AND

Q<

o E. AMBLER, K. W. Haywarp, D. D. Hopres, avp K. P. Hubpsow,

Q National Burean of Standards, Washington, D. C.

Q45 (Received January 15, 1957)

y . N a recent paper' on the question of parity in weak
= interactions, Lee and Yang critically surveyed the

! [soool . . . . - . . .
1 . B experimental information concerning this question and
fer reached the conclusion that there is no existing evidence

i —

Q - : ; “ either to support or to refute parity conservation in weak
; o 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 trons coming from
beta decays of polarized nu If an asymmetry in the

Reflections on a life

distribution between f 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®.

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

Esquerda Direita

HELICIDADE: h = SI :

Sy

h=1 : Direita

h=-1: Esquerda

O Nnosso mundo

Esquerda ? neutrino

pion*

v
Esquerda G anti-muon

O mundo espelho

Q Direita

v
b Direita
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PARIDADE E HELICIDADE

Paridade

Esquerda Direita

HELICIDADE: h = SI :

Sy

h=1 : Direita

h=-1: Esquerda

O Nnosso mundo

Esquerda % neutrino

pion*

v
Esquerda G anti-muon

O a1 2ho
“»  Direita
\4
— Nir
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SIMETRIAS C (conjugac¢do de carga) E CP

A conjugacdo de carga
transforma uma partficula na sua
antiparticula

positive charge negative charge Cl p ) 3 | ﬁ>

ALLOWED NOT ALLOWED ALLOWED

E ? neutrino % neutrino D c anti-neutrino p
A

pion* ‘ i+ pion® ‘ I pion—
Y v W
E G anti-muon 6 anti-muon D ? muon D

TALVEZ CP SEJA CONSERVADA...
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TRANSFORMAGCOES GLOBAIS E LOCAIS

Transformagdo global )
Esfera original JEES ey Transformagdo local

* *
lllllll

S 7 ~ :§
/

a/

& .

|

Os bosdes de gauge (e respectivas forcas) surgem como
consequéncia de impor invaridncia debaixo de simeftrias locais
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O MODELO PADRAO: A RECEITA

O GRUPO DE SIMETRIA DO MODELO PADRAO E:

SU(2) x U(T1),

Glashow

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

2) Escreva todas as interacgcdes que
sao invariantes debaixo do grupo de
L simeftria local.

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

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

FUNDAMENTAI C e 11 INTERACTIONS

FERMIONS . \ISONS
Leprons 4

L
P ——.

g///

;—‘.-.":-.-

Hs INTRODUCTION TO
ELEMENTARY PARTICLES
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Como dar massa as particulas?

_ 1962

O CAMPO DE HIGGS...
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Filipe Joagquim

A chdvena CERN depois de introduzir o ®

FUNDAMENTAL PARTICLES AND INTERACTIONS

FERMIONS . ey BOSONS

Leptons - Quarks .
Man  Peon

Uit e Lot sne a0

L3R F
+ (L Py +he
T E Y P rhe
+Rel -V

e M
—— Pt oy

el L S ———

—

N

e INTRODUCTION TO
ELEMENTARY PARTICLES
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O MECANISMO DE HIGGS

_ p.zz:»{],?u::r(} L pzc:{).l‘:-ﬂ 2 2 L
S 3 V() = 1% N (4]
“NO VACUO": = = |- 1
N 2N
| Essencial para o0 mecanismo
; N7 | SR ; de Higgs funcionar.

A simetria € quebrada
espontdneamentel!

Os bosoes de gauge (W e Z) e
os fermioes adguirem massal

E... O FOTAO PERMANECE
SEM MASSAL!I
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O MECANISMO DE HIGGS
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KUNGL.
VETENSKAPS:
AKADEMIEN

PREMIO NOBEL DA FISICA 2013

Pome'W. Higgs Vo

_tp-.-ﬂ l_-_-

partcia bty

THE RO OF SATNEES

Here, at last!

Francois Englort and Peter W. Higgs are jointly awarded the Nobel

Prize in Physics 2013 for the thoory of how particles acquire mass.

In 1984, thoy proposad the theory independantiy of oach other [Englart

did 5o together with his now-deceased colloague Robert Browt)

In 2012, their ideas were confirmed by the discovery of 3 so-called
outsido

Higgs particle, 3t tho CERN laboratory
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of the Searard Mecel of paricis plyscs
o= L]
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PITIE WAk 3 JoverTed by krcos sty
by froe perricba. And e e Scandurd Mool
3lao rees on the mosncs of 3 apectl b of
[AnKis. f NEP paTITe

The Higgs Swrcis s 3virason al =
vitds bedd doe s up 33 xzace. fven when
TEr LNIVerae AR eTTE srTETy, T baid & thars
u-s-r—h.mm 23t 3w e ko

Goneva m Switzerland.

woudd st BICILRS SITCIeN ICJETS TaER
ordy 13 covTw b the Higg el G- :I!
Higge propoasd 1he minsncs of the

pursly mmtermeical e "mﬂ-.
nm:--n Sadwhe Faricis.

The Nabel Lasrease o o irogne
tha heywaAT Sec 1 208 150 Fecry TG
12 rhatr Liscrmen To 40 55 regeAred an ercrTEGE
»ar by shywicam Fom Al over de workd
Alrew 238 3 Canary Far the proposal was
race on iy 4 J02 the dworsccal pradcyion
credd caledr e Th BGOEE IFLETEY when T
dacovery of 1he HGSs particle wam arvarced

The Pl
e xTies mma ncorraci ey
e rvatle Seid thos Mix roverea

>
Srates SyTeretry
The Hoga Mactarars ralee ot e oo of

Parzcies tuar e rox 3¥eced ty the Hgge
Peid 3 rox 3cpdre rma, hose 13 FRSTICT
waaky Secoms lgfn_ 3n thoms ¥aax imecacr
w=roagy tecrme for , secroe
30379 rmzmm from the Rekd 3rd H 3 ssey
£ 34! Tomierw suld colagme 38 2he
-sz:’::---umupm-f-
azmad of Lighe. The weak force carrans. W and
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O MECANISMO DE HIGGS
Algumas previsdes da feoria:
Metre 8= My, smey = 1— Ma=/ME
M, sin°By, = &

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

W, = §0.38Sx 0.0 G
W, = 41.1836 £ 0.036 G/

LIPS
L.

O detector gargamelle

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

"for their decisive conftributions to
the large project, which led to
the discovery of the field particles
W and Z, communicators of weak
interaction”
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O NOBEL PARA O MODELO PADRAO

O prémio Nobel da Fisica foi
atribuido a Glashow, Weinberg e
Salam em 1979;

"for their conftributions to the theory of the unified weak and electromagnetic
inferaction between elementary particles, including, the prediction of the
weak neutral current”.

Até ao dia 4 de Julho de 2012 ndo se sabia nada sobre o
que estava por detfrds da quebra de simetria electrofraca.

Até que...
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000 E CMS Preliminary

87 GeV)

nls .«’_(1
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D
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Is=8TeV,L=531fb"

BORN ON THE 4TH OF JULY

#— 5/B Weighted Data
S+B Fit
BHQ Fit Component
1o

Data 2011+2012
SM Higgs boson mH=126.8 GeV (fit)

Bkg (4th order polynomial)

20

Events / 2 GeV

H—yy

\s=7TeV |Ldt=4.81"

Vs=8TeV _[Ldt -20.7f"

- Fitted bkg

Events

“The discovery of a particle consistent with the Higgs boson opens the way to
more detailed studies, ... , and is likely to shed light on other mysteries of our

Universe.”

Rolf Heuer, CERN D.G., Press Release July 4, 2012

“We are reaching into the fabric of the Universe at the level never done
before... We are in the edge of a new exploration.”

Filipe Joagquim

Joe Incandela, CMS spokesperson, Press Conference, July 4, 2012
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O ACO O O MA DIATICO
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“ENTAO A MASSA VEM TODA DO HIGGS?2”"
Protdo p=uud: Z M, + My =11 Moy
W\F: 133 MeV

g

SO 1% da massa do protdo € devida a massa em
repouso dos quarks, ou seja...

Apenas uma infima parte da massa € devida ao
mecanismo de Higgs...
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E AGORA?
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“Nineteenth-Century Clouds over the Dynamical
Theory of Heat and Light”

Lord Kelvin, 27 de Abril 1900

As nuvens negras de Kelvin

Incapacidade de detectar o Eter e a
“Catastrofe ultra-violeta”

A Fisica estaria limitada a medicdo de quantidades
conhecidas com grande precisQo...

STEPHEN Kelvin ndo podia estar mais enganado...
HAWKING  Stephen Hawking (1998)

BREVE ' ;’I “Com a descoberta iminente do bosdo de Higgs ndo

g’g';g’;’;;o hd nada fundamentalmente novo a ser descoberto.

o PIM Tudo o que ha a fazer € medir com mais precisdo.”

DA FISICA REPETICAO DA HISTORIA?



O QUE DIRIA KELVIN AGORA?

“Twentieth first-Century Clouds over the
electroweak theory”

' “"A beleza e a clareza da teoria electrofraca estd
\&

\ obscurecida por algumas nuvens”

v As nuvens do Pedro:

- Matéria escura e energia escura

- Porgue existe mais matéria que anti-matéria no Universo?¢

- Porgué 3 familiase;

- Problema da Hierarguia;

- Porque € que as massas das particulas elementares sdo o que sdo;

- Porgue € que 0s neutrinos sdo muito mais leves do que os leptoes
carregados e 0s quarks;

- Serd que as 3 (ou 4) forcas se unificam a alguma escala?;

- Serd gque as particulas elementares sdo mesmo elementarese;
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PORQUE FISICA PARA ALEM DO MP?2

EVIDENCIAS EXPERIMENTAIS PARA A EXISTENCIA DE NOVA FISICA

Assimetria matéria-antimatéria

O MP falha em explicar porque razao existe um excesso de matéria no
Universo ou “porgque estamos de facto aqui!”

FERMIOES

Leptdes spsin =112 Il QuurksMa:;);n:wz Massas de neutrlnos

Carga || o
abor A A
Eléctrica gg\rﬁ:y Eléctrica

WIS 0-2pet0™ T No MP os neutrinos ndo tém massa, mas de facto hoje sabemos que estas
— e particulas sdo massivas (com uma massa muito menor que os restantes
o (0.009-2)x10" C charm 13 o
| ;1[18 ’ s 'sirange 0.1 ferm|oeS).

9

" (0.05-2)x10" t top 173

1777 b bottom 42

Problema da matéria escura

DARK - : s -
73% enency 23% warren 23% do budget de energia do Universo surge sob a forma de matéria escura.
O MP nado tem um candidato para a matéria escura.

Filipe Joaguim Infroducdo a Fisica de Particulas (4/4) CERN, 01 - 06/09, 2024 28



1964: MISTERIO DOS NEUTRINOS DESAPARECIDOS

Davis
4 1 - O nUmero de neutrinos que saem do Sol estd
£ = — mal calculado, OU
Nve 3 - A experiéncia esta errada.
OS(CIIILA(C@IES DE NEUTRINOS
©
Ve = VM
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The Royal Swedish Academy of Sciences

Filipe Joaquim

Infroducdo a Fisica de Particulas (4/4)

i
«2% KUNGL. has decided to award the Nobel Prize in . = = Hi
VETENSKAPS' Physics 2015 to Takaaki Kajita and i
s e e INoDbelL rrize In SICS i
AKAD E M I E N neutrino oscillations, which shows that i :i
neutrinos have mass". !i{
THE ROYAL SWEDISH ACADEMY OF SCIENCES i
are produced in the Sun. are produced in
collisions between
cosmic rays and the
atmosphere.
S ———— e ———r ‘/o
Takaaki Kajita in Japan and Arthur B. McDonald in Canada were key
scientists in two large research groups that discovered that neutrinos
change identities, which requires that neutrinos have mass.
The discovery has changed our understanding of the innermost
workings of matter and may prove crucial to our view of the universe.
The discovery of neutrino identity changes between cosmic radiation and the Earth’s o Sudbury Neutrino Observatory
has resolved a neutrino puzzle that physicists atmosphere. Others are produced in nuclear The detector measured neutrinos from the Sun.
had wrestled with for decades. Compared reactions inside the Sun. Thousands of billions Its tank, filled with heavy water, was placed
to theoretical calculations of the number of neutrinos stream through our bodies every two kilometres under the surface of the Earth.
of neutrinos, up to two-thirds of them were second. The combined weight of neutrinos Signals from all three types of neutrinos were
missing in measurements performed on Earth. is estimated to be roughly equal to that of all registered in the tank. The sum of the neutrinos
The two research groups discovered that the visible stars in the universe. corresponded to what was expected, but there
neutrinos had changed identities, which led Hardly anything can stop the neutrinos; were not enough electron neutrinos - they must
to the conclusion that neutrinos must have they are amongst nature’s most elusive have changed identity.
some mass, however small. This discovery was elementary particles. Experiments are
historic for particle physics, as its Standard continuing to uncover the all but hidden world of 0 Super-Kamiokande
Model requires neutrinos to be massless. Thus neutrinos. New discoveries about their deepest The detector measured atmospheric neutrinos. Its
new physics is now needed. secrets are expected to change our current tank, illed with water, was placed one kilometre
The Earth is constantly bombarded by understanding of the history, structure and under the surface of the Earth. The muon neutrinos
neutrinos. Many are created in reactions future of the universe. that arrived straight at Super-Kamiokande from
the atmosphere were more numerous than those
that arrived at the detector after passing through
the Earth. The muon neutrinos that travelled
further thus had time to change identity and
become another type of neutrino.
T Arthur B. McDonald Takaaki Kajita
of neutrinos: electron, Canadian citizen. Japanese citizen.
(e homn i Born 193 in Born 1959 in i
quantum superposition of Sydney, Canada. Higashimatsuyama, s
e Professor Emeritus Japan. Director of i
at Queen’s University, Institute for Cosmic H
Kingston, Canada. Ray Research and §
Professor at
University of Tokyo,
Kashiwa, Japan.
Neutrino oscillations
Neutrinos change identities as they travel different ways. The superposition in any given
through space. Quantum physics is required location yields the probability of which type
to explain this magic, where the neutrinos of neutrino is most likely to be found there.
are represented by superposed waves that These probabilities vary from one location to
correspond to neutrino states with different another - oscillate - and the neutrinos appear
masses. When the neutrinos travel, these in their various identities. This is only possible
waves go out of phase and are superposed in if neutrinos have mass.
4
FURTHER READING BOOKS: ® Jayawardhana, R. it ® Close, F. Printing and © The Royal Swedish Academy of Sciences
A o i : B oS i e o : sl ekl manes | ST | R | S
Sara Gustavsson, Edtr, 204 Laura Alexis, Nobel Assitant, Posters may be ardered froe of charge

Mustrations: Joran Jarnestad/infograghics se Pints Attads. Sheln i
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UNIFICACAO DAS INETRACOES FUNDAMENTAIS

UNIFICACAO DAS INTERACOES FUNDAMENTAIS

Interaccdo Interaccdo Interaccdo Interaccdio

Propriedade Gravitica I (ElectrofracaE)lectromognéhca Forte

Actua em: Massa — Energia Sabor Carga de cor

Particulas afectadas: Todas Quarks, Leptoes Quarks, Gludes

Gravitdao
(ainda por observar)

Particulas mediadoras: wt w- Z0 Gludes

107%m 10-41 0.8 25
3x10-" m 10-41 10-4 60

Intensidade a{

SE O MP FOR VALIDO ATE A ESCALA DE PLANCK AS 3 (4) FORCAS FUNDAMENTAIS
UNIFICAM-SE OU NAQ?

- !-—...-

MSSM
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PORQUE FISICA PARA ALEM DO MP?2
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“We are reaching into the fabric of the Universe at the
level never done before... We are in the edge of a new

exploration.”
Joe Incandela, CMS spokesperson, Press Conference, July 4, 2012







ALGUNS LIVROS (Os mais actuais em inglés)

STEVEN WEINBERG
OS TRES PRIMEIROS
. oMINUTOS

gradiva 4

e Wt"‘“e’“: i Exploring
w‘ Funda_mental

umatteb Particles

"“':;f,“;‘“‘ - m

CRC Press
Tk BFrancs Croup
ATAVLOK & FRANCIS 800K
Comeipted Msterst

. i —— -
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C I ENCI PN BDERTA

STEPHEN
HAWKING

DiCAD
acruaLzADs
EAUMENTADA

Knocking
on Heaven'’s
Door

Lisa
Randall

BESTSELLING AUTHOR OF WARPED PASSAGES
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Physics @ Técnico

https://www.facebook.com/PhysicsTecnico

https://www.instagram.com/physics at tecnico/

filipe.joaguim@tecnico.ulisboa.pt
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