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Até agora a chdvena do CERN é assim:
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us INTRODUCTION TO
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Como dar massa as particulas?

® 1962

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

FUNDAMENTAL PARTICLES AND INTERACTIONS

FERMIONS .

BOSONS |
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O MECANISMO DE HIGGS

uW>0,A>0 W<0,A>0 2 4
: 2 V() =p* 1415+ X (4]
“NO VACUO": v~ :' _ M
2N
Essencial para o mecanismo
5 N7 [ R . de Higgs funcionar.

A simeftria € quebradao
espontdneamentel!

Os bosdes de gauge (We Z) e
os fermides adquirem massal

E... O FOTAO PERMANECE
SEM MASSAL!!
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PREMIO NOBEL DA FISICA 2013

KUNGL.

e e The Nobel Prize 2013 in Physics

by thaATIAS.

THE RO OF SameCeS

Here, at last! ‘

~ cMs
Francois Englort and Petor W. Higgs are jointly awarded the Nobal & ‘9 k AL
Prize in Physics 2013 for the theory of how particles acquire mass. . ,%“_
In 1964, thoy proposed the theory independantly of each other [Englart 4 .
did 5o together with his now-deceased colleague Robert Browt) ’

In 2012, their ideas were confirmed by the discovery of 3 so-called \ T
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O MECANISMO DE HIGGS

Algumas previsdes da teoria:

Ton. 4 = N > ’ i & o,
‘. P ¢ . F ¢ LR
- :.-ﬁ > % 5
f i . ¥

Moors = My, smeey = 1- Ma/mE 0%
MS =SBy, = &

4—11'\1_;61: 259
Os bosdes W e 7 foram descobertos no " " o D
CERN em 1983. " =

W, = §0.235%0.01¢ Gt
M, =91. 1836 = 0-036 G/

O detector gargamelle

P T T P
‘-*‘\ \

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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O NOBEL PARA O MODELO PADRAO

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

"for their contributions 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 gque...
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BORN ON THE 4TH OF JULY

%:2000 E CMS Preliminary ¢— S/B Weighted Data

(51800 's=7TeV,L=5.1fb" —— SiBFit

) Bkg Fit Component Data 2011+2012
[ 1s=8TeV,L=53"fb

SM Higgs boson mH=1 26.8 GeV (fit)
Bkg (4th order polynomial)

1%
] +20

Events / 2 GeV

H—yy

Ldt=20.7 fo'

Vs=7TeV ILdt =481

\s=8TeV

- 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.”

Joe Incandela, CMS spokesperson, Press Conference, July 4, 2012
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“ENTAO A MASSA VEM TODA DO HIGGS?2"

Protdo p=uud: Z M+ M =11 MoV

yv\],: 133 Mev

/

SO 1% da massa do protdo € devida d 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
' 3 As nuvens negras de Kelvin
|7 E Incapacidade de detectar o Eter e a
“Catastrofe ultra-violeta”
._J . A Fisica estaria limitada & medicdo de gquantidades

conhecidas com grande precisdo...

STEPHEN Kelvin nc.“Jo podia estar mais enganado...
HAWKING Stephen Hawking (1998)

BREVE l , “Com a descoberta iminente do bosdo de Higgs ndo

gg’;‘;’j;‘:, 5 hda nada fundamentalmente novo a ser descoberto.

o FIM 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”

e “"A beleza e a clareza da teoria electrofraca estd

3 obscurecida por algumas nuvens”

- As nUvens do Pedro:

- Matéria escura e energia escura

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

- Porqué 3 familias?;

- Problema da Hierarquia;

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

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

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

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

EVIDENCIAS EXPERIMENTAIS PARAAEXISTENCIA DE NOVAFISICA

Assimetria matéria-antimatéria

O MP falha em explicar porque razao existe um excesso de matériano
Universo ou “porque estamos de facto aqui!”

FERMIOES

Loptdes spin=v2 Quarks _soin -1/ Massas de neutrinos

Massa Carga Carga
Sabor 2 ey Aprox. A
GeV/c Eléctrica GeVic? Eléctrica

A T No MP os neutrinos nao tém massa, mas de facto hoje sabemos que estas
€ electrdo 0.000511 : d down 0.005 partl’culas Séo maSSivaS (Com umamassa mu|to menor que = restantes
W \r:‘?:r(r:ggl; -2)x10" charm d F

H muao ’ 002-120)510 (S: strange ;j /: fermloeS)

Yy DeUtino® (0.05-2)x10™° t top 173

T tau 1.777 b bottom 42

Problema da matéria escura

DARK

73% eneroy 23% warren 23% do budget de energia do Universo surge sob a forma de matéria escura.
O MP nao tem um candidato para a matéria escura.

4%

NORMAL
MATTER
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1964: MISTERIO DOS NEUTRINOS DESAPARECIDOS

2 i_
Bachall Bavis
1;8 1 - O numero de neutrinos que saem do Sol esta
= —= mal calculado, OU
Nve 3 - A experiéncia esta errada.
OSCILACOES DE NEUTRINOS
Ve = Vy
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The Royal Swedish Academy of Sciences
has decided to award the Nobel Prize in
Physics 2015 to Takaaki Kajita and
Arthur B. McDonald “for the discovery of
neutrino oscillations, which shows that
neutrinos have mass”.

VETENSKAPS-
AKADEMIEN

THE ROYAL SWEDISH ACADEMY OF SCIENCES

Chameleons

of space :

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
has resolved a neutrino puzzle that physicists
had wrestled with for decades. Compared
to theoretical calculations of the number
of neutrinos, up to two-thirds of them were
missing in measurements performed on Earth.
The two research groups discovered that the
neutrinos had changed identities, which led
to the conclusion that neutrinos must have
some mass, however small. This discovery was
historic for particle physics, as its Standard
Model requires neutrinos to be massless. Thus
new physics is now needed.

The Earth is constantly bombarded by
neutrinos. Many are created in reactions

There are three types
of neutrinos: electron,

between cosmic radiation and the Earth's
atmosphere. Others are produced in nuclear
reactions inside the Sun. Thousands of billions
of neutrinos stream through our bodies every
second. The combined weight of neutrinos
is estimated to be roughly equal to that of all
visible stars in the universe.

Hardly anything can stop the neutrinos;
they are amongst nature’s most elusive
elementary particles. Experiments are
continuing to uncover the all but hidden world of
neutrinos. New discoveries about their deepest
secrets are expected to change our current
understanding of the history, structure and
future of the universe.

‘quantum superposition of
three mass states.

Neutrino oscillations

The Nobel Prize 2015 in Physics

33
i
i
£

§

i
H
B

@———@ Onlyelectron neutrinos
are produced in the Sun. are produced in
collisions between
‘cosmic rays and the
Earth's atmosphere.

o Sudbury Neutrino Observatory
The detector measured neutrinos from the Sun.
Its tank, filled with heavy water, was placed
two kilometres under the surface of the Earth.
Signals from all three types of neutrinos were
registered in the tank. The sum of the neutrinos
corresponded to what was expected, but there
were not enough electron neutrinos - they must
have changed identity.

Muon neutrinos
arriving from

the atmosphere. o Super-Kamiokande

The detector measured atmospheric neutrinos. Its
tank, filled with water, was placed one kilometre
under the surface of the Earth. The muon neutrinos
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.

Arthur B. McDonald Takaaki Kajita
Canadian citizen. Japanese citizen.
Born 1943 in Born 1959 in
EOTHEAT T Sydney, Canada. Higashimatsuyama,
Professor Emeritus Japan. Director of
at Queen’s University, Institute for Cosmic
Kingston, Canada. Ray Research and
Professor at
University of Tokyo,

Kashiwa, Japan.

Neutrinos change identities as they travel different ways. The superposition in any given Ghlf-nk: r-xl':-':‘mhi' through the Earth.

through space. Quantum physics is required location yields the probability of which type et :,'m?,,,",.

to explain this magic, where the neutrinos of neutrino is most likely to be found there. walls of the water tank.

are represented by superposed waves that These probabilities vary from one location to g

correspond to neutrino states with different another - oscillate - and the neutrinos appear travelling faster than

masses. When the neutrinos travel, these in their various identities. This is only possible Bl o)

waves go out of phase and are superposed in if neutrinos have mass.

4
&
FURTHER i i rize i 15: i ize.org BOOKS: ® R i The y i ® Close, F. i POPUL Editors: Lars Ber ge Printing and © The Royal Swedish Academy of Sciences
o Hulth.P.0. . . onTenam . - X T A [ T . e Vol 265, no.4, Aprl @ Kearns, E, Kala, T.and Totsuka, Y.{199] Detecing Massive Neutrino, Scen-American Vo, 28,12, August ond A CHuller.TheNobel Gomite forPhysics, T Foyal ditrbution oSO, 10 08 Sk, Sweden
LINKS: . Sara Gustavsson, Edtor,and Laura Alaxs, Nobel Assistant, Postors may bs orderad res of charge
WOLNVO | thtpiivaselnobelpostors
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UNIFICACAO DAS INETRACOES FUNDAMENTAIS

UNIFICACAO DAS INTERACOES FUNDAMENTAIS

Interaccdo Interac¢do

Fraca Electromagnética
(Electrofraca)

Interaccdo
Propriedade Gravitica

InteraccGo
Forte

Actua em: Massa — Energia Sabor Carga de cor

Particulas afectadas: Todas Quarks, Leptoes Quarks, Gludes

Gravitao

P . . + — 0 o
Particulas mediadoras: e S Wt W- Z Gludes
1018 —l
Intensidade a{ " 10 0.8 25
3x107"" m 10-41 10-4 60

SE O MP FOR VALIDO ATE A ESCALA DE PLANCK AS 3 (4) FORCAS FUNDAMENTAIS
UNIFICAM-SE OU NAO?
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PROBLEMA DA HIERARQUIA DE ESCALAS

V(&)=L w1 X g* W52

Vamos supor o SM valido até a uma escala A
2 72
A A
1672
m? ~ 910000000000000000000000000000015625 GeV*

AZPlanck - 2
T i 910000000000000000000000000000000000 GeV

O PROBLEMA DA HIERARQUIA DE ESCALAS
FINE-TUNNING!!!

2 2

m2o =~ m? — ~ (125 GeV)2  Aplanck = 1.2x10"°GeV
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PROBLEMA DA HIERARQUIA DE ESCALAS

Natural Natura| nghly
Unnatural

e

M. Strassler 2013
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SOLUCAO PARA O PROBLEMA DA HIERARQUIA

Se A = —12

SUSY
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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 PRIME!ROS STEPHEN
- MINUTOS HAWKING
~Uma Moderna;da Origern 50 A T E O R l A

DE TUDO

."-! :
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Mystery of

Exploring
Fundamental
Particles
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Lincoln Wolfenstein
Joao P Silva

@ CRC Press
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ACTUALIZADA B
EALMITADA

Knocking
on Heaven’s
Door

Lisa
Randall

BESTSELLING AUTHOR OF WARPED PASSAGES
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Physics @ Técnico

https://www.facebook.com/PhysicsTecnico/

filipe.joaquim@tecnico.ulisboa.pt
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