O LHC do CERN

A maquina dos infinitos
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A fisica de particulas



Ricardo Gongalo ParticleFace / Coimbra 26-2-2019



O atomo
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O atomo

99.999 999 999 9% do
volume do dtomo é
vazio!

/ nucleo x1000

@
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|dade heroica da
fisica de particulas

Observacéao de raios
cosmicos, Plaza de Mulas
Argentina, 1950

Mighar Acelerador de Van Um ciclotrdo, cerca de 1950
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MESOES BARIOES
(instaveis) (decaem até ao protao)

HADROES:
Do grego hadros (encorpado, forte)
Particulas constituidas por quarks
Nao sao particulas elementares!
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Do atomo as particulas fundamentais

Quark:

Particula subatbmica com carga
elétrica fracionaria
Hadroes sao formados por quarks
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O protao no modelo dos quarks
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O protao tal como o conhecemos hoje

Erwin
Schrodinger
(1887 - 1961)
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E as forcas fundamentais?
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As forcas fundamentais
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Fotao
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Wi, ZO

Gravitao??
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Agora os problemas...



Isto nao devia funcionar!...

A

MASSA

e M Vv W= Z U

d
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O Mecanismo de Higgs
em bonecos

Robert Brout (1928 — 2011)

Peter Higgs (b. 1929)
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Finalmente: o
Modelo Padrao
da Fisica de
Particulas!
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“ The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

Experiéncias de Fisica de Particulas

. The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.
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Design (p-p run):

Vs = 14 TeV (design)
N,=1.2x 101 p/bunch
2780 bunches

Peak L =1 x 103* cm2s! (design)
B* =55cm

Run 1: 2009 — 2013 Vs = 7/8 TeV
Run 2: 2015 -2018 Vs =13 TeV
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Monte Branco
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Protoes no LHC
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Feixes de protoes



e Tudo contido num feixe
de =16um

e Runs tipicos duram cerca
de varias horas

* Intensidade diminui
devido a perdas

e Depois voltamos a
injectar novos feixes

Energia do feixe:
2802 bunches de 1.15x10%! protdes

7TeV / protdo (2015) = 7x10%2 x
1.602x101° )

Da 362 MJ por feixe...

lgual a energia cinética de um
porta-avioes de 20,000t a viajar a
11,7 nds (21.7 km/h)
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Muon Spectrometer: |n|<2.7

Air-core toroids and gas-based muon chambers

EM calorimeter: |n|<3.2
Pb-LAr Accordion
o/E = 10%/VE @ 0.7%

o/p:=2% @ 50GeV to 10% @ 1TeV (ID+MS)

ol =44 m, J=25m
*/7000 tonnes
=108 electronic

channels

«3-level trigger reducing

40 MHz collision rate to

200 Hz of events to tape

ParticleFace / Coimbra 26-2-2

Hadronic
calorimeter:

In|<1.7 Fe/scintillator
1.3<|n|<4.9 Cu/W-Lar
O/Eje= 50%/VE @ 3%
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A descoberta do bosao de Higgs



2012: Descoberta do bosao de Higgs: H->yy
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A Descoberta do bosao de Higgs

Ricardo Gongalo

¥ - '.,(-‘A
g0 -\

o
N ¥

. . = . . 3 ' g
i ‘4 )\‘ N

s C b '
- S
| (20N
7y v
. v
T ’ -_gl ’ \’;--

BREAKTHROUGH e ‘
 YEAR o,

ne HIGGS ZHhalig
BOSON ,

s'_‘" N L

8

AYAAAS

) 26-2-2019

48



Premio Nobel 2013 para a descoberta do

Bosao de Higgs

Peter Higgs,
Inglés,
nascido em
1929,

Univ.
Edimburgo

Ricardo Gongalo

Frangois Englert,
Belga, =~

nascido em 1932, .
U. Libre

de Bruxelles

"for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass of
subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental
particle, by the ATLAS and CMS experiments at CERN's
Large Hadron Collider"
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Um trabalho coletivo!

ATLAS: E aproximadamente o
3000 cientistas mesmo na experiéncia
33 paises CMS

177 institutos



Nem sempre se acerta a primeira...

Conferéncia europeia de Fisica de
Particulas (EPS-HEP) 2011
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Ultimas novidades!!
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“Ha mals coisas no céu e naterra, Horaclio,
do que sonha a nossa filosofia??’
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Ha mais bosodes de Higgs?
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What if?....
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Uma forca unica?



Uma nova tabela periodica:
subestrutura?



Perguntas que vieram do espaco
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O Que ¢é a Matéria Escura?

M100 = Milky Way : ' Via Lactea

s
A [,
Voce
E "{L G e ' Obhserved
I L

7 —_——
esta
k 3 Differenceis contributed
aq U I g ) by the dark matter halo.

Y

Visible matter only ==

10 o 15
Distance from Center (kpc)

Nenhuma forma de matéria conhecida!
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Colisao de clusters de galaxias

Matéria escura
/1 (reconstrucao)

Matéria escura Gas interestelar
(reconstrucao) (reconstrucao)
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Como Ver a Matéria Escura
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O Problema da ‘Energia Escura’

Cientistas estudam supernovae distantes para medir a
evolucao da expansao do Universo

Esperavem que a velocidade da expansao diminuisse
desde o Big-Bang

HST = ACS/WFC

Host Galaxies of Distant Supernovae
Ed
- ’ »
HST04Sas HSTO4Yow HST04Zwi HSTO5Lan
A d
- .
= -

NASA, ESA, and A. Riess (STScl)
Ricardo Goncalo
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Oops...nao esta a diminuir!

* A Expansao do Universo esta a acelerar!!!
» Algo se esta a sobrepor a gravidade
 Os fisicos chamam-lhe ‘Energia Escura’
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De que é gue feito o Universo?!

Universo

Matéria normal: 4,9% !l

P
Matéria Escura:
26,8% ¥ Energia Escura

® Matéria Escura
B Matéria Ordinaria
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O futuro




High Luminosity LHC — HL-LHC
O Poder da precisao

8 TeV 13 TeV 14 TeV

B Ehan

30 fbt 300 fb? 3000 fb-?

Ricardo Gongalo 67



Futuros aceleradores?

International Linear Collider (ILC)
0.5 TeV machine; 31 km

Future Circular Collider: 100 km
e+e- (350 GeV) e mais tarde p-p (100 TeV)

Compact Linear Collider (CLIC)
o 3 TeV collider -50 km

Ricardo Goncalo
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Impacto na Sociedade
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Impacto na Sociedade

Prototerapia Computacao
na grid
Imagiologia médica
Radioterapia
Tomografia de muoes

Ciclo Solar (Pirdmide de Gizé)
Exploracao do espaco

World Wlde Web
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Terapia com
feixes de
protoes

Ricardo Gongalo

Tomografia de
emissao de
positroes (PET)
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Exploracao Espacial
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Perguntas?

Obrigado
pelo vosso
interesse!

jeoncalo@lip.pt

ooooooooooo



