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¥ — Partlculas e forcas fundamentals
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A fisica de particulas
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99.999 999 999 9% do
volume do atomo é

vazio!
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O protao no modelo dos quarks
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E as forcas fundamentais?
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AE.At = h/4n

Richard Feynman \
(1918 - 1988) M

_—
w B

Virtual
photon

Werner Heisenberg

‘Workshop 25/10/2025 (1 901 - 1976)
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Isto nao devia funcionar!...
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Fisica de Particulas
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Standard Model Total Production Cross Section Measurements

Status: February 2022
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O que (ainda) nao sabemos

“Ha mais coisas no

céu e na terra,
Horacio, do que sonha
a nossa filosofia??”
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Para onde foi a antimateéria?
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Uma forca Unica?

Temperature
2

of universe 103*K 107K 10K 103K 3K

strong force
T S|

Electromagnetic force
T

Weak force

Gravity

Time after 104 10733 g 10712¢ 10765 5x1017 ¢
Big Bang ( = now)
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O Que é a Matéria Escura?

! . - : Via Lactea
s |t —, W—.—« o

Observed

Differenceis contributed
by the dark matter halo.

Visible matter only ==

10 15 20
Distance from Center (kpc)

Nenhuma forma de matéria conhecida!
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O que é a Energia Escura
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Detectores para ver o invisivel
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Detetores de particulas

Para detetarmos uma particula, ela tem de interagir
com o material do detetor e ser convertida num
sinal mensuravel
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Pulso elétrico criado pelo

Particula detetor

 Producao de

particulas .
secundarias = 57 R
— lonizagao, radiacao de

T W17.00%

transicao, dispersao
elastica e inelastica, ...

* Producéo de luz -
— Cintilacao, luz Egc*féﬁgvrg/: - |?

Dividers Power Supply

Cherenkoy, ...
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Particula

Fio metalico

Producao de particulas secundarias
Através da ionizacdo dos atomos do
gas.

" Eletrao

= |do






O campo elétrico da aos eletroes

energia suficiente para causar Depois da multiplicagao
multiplicacao de carga os eletrbes produzem
um sinal elétrico que
mensuravel

lllllllllllllllllllllllllllllll
n

Fio metalico

Eletroes

M s00my o MA.00ps A Chl S 270mY,




Particula




—

Particula

300 um
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EXPERIENCIAS DE FISICA DE PARTICULAS
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EXPERIENCIAS DE COLISIONADOR: O LHC
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LINAC2 - 50 MeV Proton Synchroton (PS) - 25 GeV
Booster - 1.4 GeV Super Proton Synchrotron (SPS) - 450 GeV
Large Hadron Collider (LHC)— 7 TeV

M
LEP/LHC

Norith Area

SPS N
\/ 091,%0

STV IL s T T WeSt Area CN GS
' I to Gran Sasso
East Area
1
|}
Linac
BOOSTER  ISOLDE lons _/ Leir
I
3 AD Antiproton Decelerator LHC Large Hadron Collider
| antiproton conversion PS Proton Synchrotron n-ToF Neutron Time of Flight

SPS Super Proton Synchrotron CNGS Cern Neutrinos Gran Sasso
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Beam accelleration

dipole

Ricardo Gongalo

RF Voltage

e A particle

partiele which arrives Aparticle )
which arrives which
early will see arrives late

smaller RF
oltage

will see a
larger RF
voltage

Time
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Energia do feixe:
2802 bunches de 1.15x10 protdes

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

Da 362 MJ por feixe...

* lgual a energia cinética de um
porta-avidoes de 20,000t a viajar a
11,7 nds (21.7 km/h)

ATLAS Run Query 2012-09-23 21:58:35

‘a‘ =1 17 | I L I L l | SR A L l el el | I | L=l SRy | l_5

. . & [ —Intensity Beam-1 — Intensity Beam-2 n

i TUdO CO nt|d0 num fe|Xe 2500_— _Beam energy g LBS With stable beams :
de =16um = [ 14

* Runs tipicos duram cerca  2*°F :
de 24 horas g8 T e

. o As00— N

* Intensidade diminui E i
. (1] 0l 2

devido a perdas 000 :
* Depois voltamos a : i

injectar novos feixes S00 -
006200 300 400 500 600 700 800 °

Ricardo Gongalo PHYSIS Workshop 25/10/2025 Luminosity block numbér

Beam energy (TeV)



EM
Pb-LAr Accordion

o/E = 10%/\VE @ 0.7%

= N
Hadronic
b calorimeter:
Afﬁ{ﬂ |n|<1 7 Felscintillator
: - 1.3<|n|<4.9 Cu/W-Lar
| o/Ejei= 50%/VE & 3%

«7000 tonnes

*~108 electronic

channels R s \

*3-level trigger reducing Inner Tracker: |n|<2.5, B=2T
40 MHz collision rate to Si pixels/strips and Trans. Rad. Det.

200 Hz of events to tape o/pr = 0.05% pr(GeV) ® 1%
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Detetor de Tracos

Ricardo Gongalo

Calorimetro
Eletromagnético
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Calorimetro
Hadronico
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Os Fisicos DE PARTICULAS
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Os cacadores de partlculas

N TYTAR
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Descoberta do bosao de Higgs: H->yy

> r ) -
o - /= 7| TeV || Ldt=000"| MarR5, 2011 =
P 31T —
-.E | —
GJ - —]
u>_| - ]
2.517 ATLAS Preliminary —
— H—yy channel -
ARE —
1.5 —
1 49| | (999 | (94 |00 90 |0 IR INE IRANE 3K *9 |
0.5 || [TTTT 2
E 200 [ T T e e ]
=
g 0
-200 I N N N TP ]
100 110 120 130 140 150 160
M., [GeV]

Ricardo Gongalo PHYSIS Workshop 25/10/2025



O futuro

53
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PN

Y

t in ATLAS ITK
=200

tt event

-LHC

HL

at <p>
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-~ New tracking
1400 -ATLAS Simulation
12005 ITk Inclined n=qetector

R [mm)]

i Calorimeter: new DAQ

. electronics, HV sources and 000l
o . .. 3 =2
Y gap scintillators e [ e
b, 600,
400— 5
e AN LA L
200 T LT T n=40 -

| S Mo 1908 |
— :‘\L‘":._‘j!,',l L I R B S ]
1000 1500 2000 2500 3000 3500
z [mm]

New muon
detector “Small
Wheel”

& : " Upgrade of many

)

High Granualrity

N '&?1 different readout Timing Detector
‘N{ Y electronics systems (30ps/track)

i . PHYSIS
R. Gongalo - LIP Ciéncia 2018

Workshop 25/10/2025

(&, [0




High Granularity Timing Detector
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O Future Circular Collider - FCC
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IMPACTO DIRETO NA SOCIEDADE

|2.8 BILLION YEARS AGO, fLE o 2

A FEW SECONDS Berore THE  Ea i IR ([P 3
CREATION OF OUR UNIVERSE Lets fire up this
o . Large Hadron Particle
sool :oB - llider and see
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Impacto na Sociedade
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Aplicacoes a medicina

Desenvolvimento de muitas aplicacdes na area
biomédica

Por exemplo:

Positron Emmission Tomography (PET / ToF-PET)
Orthogonal Imaging para terapias com feixes
Dosimetria e microdosimetria

Instrumentacao para medicdes bioldgicas

-150 -100 -50 0 50 100 150
Zr (mm)
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Missao JUICE (ESa, EFACEC, PSI, IDEAS)

« RADEM - Rad. Hard Electron Mon.

. Teste de componentes EEE para
ambiente de Japiter

rd

| Efeitos da radiacao espacial:

« Teste de componentes EEE
(Technology Test Bed)

. Envelhecimento de sensores de
CdZnTe para o espaco (GLOSS,
ESA/CNES)

[ Gamma ray polarimetry, Earth observation:
« COMcube (ESA); AMEGO (NASA)
« STRATOSPOLCA (ESA)
« THOR - Space Rider: Terrestrial Gamma Flashes
(Active Space, Advacam, ESA) »
i Silf| cesa
1

o/ l/l!l
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Perguntas?’

Obrigado
pelo vosso
interesse!

jgoncalo@lip.pt AN

Ricardo Gongalo PHYSIS, ‘.brsh Wy 10/2025
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Fisica Experimental de Particulas em Portugal

e Lisboa, Coimbra, Minho

e 200 membros

* 90 doutorados X @
e 75 estudantes

25 engenheiros e
administrativos

www.lip.pt .
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