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ke A f|5|ca de partlculas

= De que sdo feltas as c0|sas? :
| — Partlcul-as e forgas~fundament3i5;
e . - Como ver partlculas |nV|5|ve|sI . |
. ¥ 0 que nao sabemos? ' |

— Terapia com radiag3o ionizante:
particulas para a saude "
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A fisica de particulas
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De que sao feitas as coisas???

e
‘
o
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Periodic Table of the Elements

13
1A
3A

Hydrogen
1.0079

3
Li
Lithium
6.941

1
Na

Sodium
22989768

19

5

4
Be B

Beryllium
9.01218

12

6
Mg ViB

Magnesium )

24
Cr

Chromium
51.9961

10.811

13
Al

Aluminum

23

\'

Vanadium
50.9415

141
Niobium
92.90638

73
Ta

Tantalum
180.9479

“105

Db

Dubnium
[262]

29
Cu

Copper
63.546

“47

22
Ti

Titanium
47.88

"40
Zr

Zirconium
91.224

20
Ca

Calcium
40.078

38
Sr

Strontium
87.62

Scandium
4495591

“39
Y

Yttrium
88.90585

5771 72

"56
Ba Hf

Barium Hafnium
137.327 178.49

88 "104
Ra

Radium Rutherfordium
226.0254 [261]

Potassium
39.0983

37
Rb

Rubidium
85.4678

SSCs

Cesium
132.90543

87
Fr

Francium
223.0197

Manganese
54.938

43
e

Technetium
98.9072

75
Re

Rhenium
186.207

“107

Bh

Bohrium
[264]

55.847 58.9332

44 45
Ruthenium Rhodium
101.07 1029055

76
Os

Osmium
190.23

"108

Hs

Hassium
[269]

58.6934

"46
Pd

Palladium
106.42

78
Pt

Platinum
195.08

110

Ds

Darmstadtium
[269]

Cadmium
112411

Silver
107.8682

— . ‘e
Au
Gold
196.9665

111

Molybdenum
95.94

"74
W

Tungsten
183.85

"106

Sg

Seaborgium
[266]

Indium
114818

1
Thallium
204.3833

113

Uut

Ununtrium
unknown

"89-103

Meitnerium
[268]

Roentgenium Copernicium
1272) [277]

p— 57 58 59 60 61 62 63 64 65 66

anthanide

Mol La Ce Pr Nd Pm Sm Eu Gd Tb Dy
Lanthanum Cerium Praseodymium Neodymium Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium
138.9055 140.115 140.90765 144.24 144.9127 150.36 151.9655 157.25 158.92534 162.50 164.93032

Actinide

Series

Transition

Metal

Alkali Alkaline
Metal Earth

af;la‘i Ngglse
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14
Si

26.981539

"50
Sn

—
Pb

114

67 68
Ho Er

Lanthanides

N

Nitrogen
14.00674

“15
P

Phosphorus

Carbon
12.011

Silicon
28.0855

33
As

Arsenic
74.92159

51
Sb

Tin Antimony
118.71 121.760

83
Bi

Bismuth

Germanium
72.64

Lead
207.2

115

Uuq Uup

Ununquadium Ununpentium

[289] unknown

Erbium
167.26

30.973762

208.98037

Thulium
168.93421
+

8
Oxygen
15.9994

“16

S

Sulfur
32.066

34
Se

Selenium
78.96

52

Te

Tellurium
127.6

84
Po

Polonium

[208.9824]

116

Uuh

Ununhexium

[298]

18.998403

53

18
VIIA
8A

2
Helium
4,00260

10
Ne

Neon
20.1797

Fluorine

Chlorine
35.4527

'35
Br

Bromine
79.904

"54
| Xe

lodine Xenon

Krypton
83.80

126.90447

85

At

Astatine
209.9871

117

Uus

Ununseptium
unknown

222.0176
118
Uuo

Ununoctium
unknown

Ggl'm 70Yb 71Lu

Ytterbium
173.04

Lutetium
174.967

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103



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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MATERIA ATOMO NUCLEO PROTAO

NEUTRINO
DO ELETRAO s

NEUTRINO % STRANGE

DO MUAO
-1/3

Y2
NEUTRINO
DO TAU

Ricardo Gongalo Masterclass Ponta Delgada - 29/3/2023



E as forcas fundamentais?
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AE.At = h/4n

Richard Feynman \
(1918 - 1988) oy
mt \'7;::“"-;‘

_—
w B

Virtual
photon

’,‘—E‘j_\
| )}
e‘. l: ‘

Werner Heisenberg

‘Ponta Delgada - 29/3/2023 (1901 - 1976)



As forcas fundamentais
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Teste intercalar:
O Que esta errado nestas imagens?

e

Masterclass Ponta Delgada - 29/3/2023

13



MATERIA ATOMO NUCLEO PROTAO

O Modelo Padrao da
Fisica de Particulas

Loy = —%Bugf“ﬁ.,g: — 9. F"0,900095 — 192 F " f gt gtglgt — O WO, —
MWW, — 30,230,20 — 7 MPZ020 — 10,A,0, A, — igeu (0, Z3(Wi W, —
WiW,) — ZXW,i oW, — W, a,W,]) + ZUW, oW, — W, 0,W})) - NEUTRINO
19500, A (WIW, —WiWy) — A (W, 0,W,; — W;8,W)) + AW, 0,W,; — DO ELETRAO
W, 0,W,) — 38 WIW, WiW, + 36" W, W, WiW, + g*ck(Z0W,f Z3W, —
ZRZgWIW,) + g si, (AW, AW, — AAWIW,) + g*suew(AuZ)(W, W, —
W, W) — 24,20W,; W) — 18, HO,H — 2M?c, H? — 8,4+ 0,6~ — 10,4°0,¢° —
O (4 + LH + J(H? + ¢°6° +267¢")) + o —
gonM (H® + HY°¢® + 2H¢¢~) —
$9%n (H + () + 4(6797)2 + 4(¢°)20 T ¢~ + 4H?¢T o™ + 2(¢°)2H?) — NEUTRINO
oMWW H — gL 70700 — Do Mulo
319 (W, (¢°0,6™ — ¢70,¢°) — W, (¢°0,9" — ¢79,4°)) +
%9 (W:(H6M¢_ —¢ 0. H) + W;(Hau¢+ - ¢+6,‘H)) + %yé(ZS(Ham" - ¢08MH) +
M (2Z00,6°+W; 9, + W, 0u6™) —ig M ZY(W,f ¢~ Wy ¢ ) +igsuM Ay (Wit~ — t

.

7

W, 6%) — ig 2 Z0(6" 0ug™ — 6 0u8™) +igsuAu($70u™ — 67 0u0") —
TCWIW, (H? + (60 +267¢7) — 30°F 207 (H? + (6°)° +2(2s3, = 1)%67¢7) — NEUTRG
1?5200 (Wig + Wi gh) — Lig? L Z0H(Wiig™ — Wi 6%) + %5, A" (W,ié + DO TAU Ll
W)+ Lig?s, A H(Wird™ — W, ¢+) — g?2(2c2 — 1) 204,66~ —
g FORCA FORTE
GLUAO

o
[
S %
=Y
23 [
- Qo
S
Sc &
o 3 (_W
o L
m% (o
o -
o
R o (%
ST R
o 2 M
v A
S <
o >
)
S x
<
Tc R
3
~ o

9P AuAGT G + 5igs X (@74 a))gp — (v + m)er — DA (y0 + m)v — u (70 +
m)u} — d(v0 + mY)d} +igsuA, (—(E7€) + §(@y'u) — 3(dy*d)) +
1 Z{ (P L+ W) + (9445, — 1= 7))ed) + (dr*(§s%, — 1= 7°)d) +
(@ (1 = §s% + 1)U} + 5 5Wi (F#(1+P°)U' P ™) + (@*(1 +7°)COxedf)) +
2Wi (@ Ul (149 + (@ Ch L+ 7)) ) +
56" (~mEP P (1 = P)er) + md (U P (1 + 7)) + .
: mA -
gt (MAEUL (1 + ) - M@, (1 - 7)) — $5LH ) — :
md (= igm} _ iq m> s _ .
§TH(E ) + FR (V) — §56° (@) — 1o ML (1 —5)0 —
L0 ME (1= 1900, + 555567 (—m(@)Con(1 — 7)) + md(@}Can(1 +7°)ds) +
. - m) =
it (MAGCL+ 7)) — midCL0 —1)u5) — §5HH @) -
m) 7 igmd = ig m, Aa a al a c
$FH(dE) + 56 (@) — -§T£¢¢°(d—3‘75d2;-‘) + GU0°G" + g, f**0,G"G"g +
XH(@ — M)X* + X~(& — M) X +X°(@ — %)X + YPY +igeuW, (9,X°X~ —
8, X+ XO0)+igs,Wi(0,Y X~ — 8,X*Y) +ige,W; (9, X~ X° — -+
8,X°X*)+igs, W, (0,XY — 0,7 X) +ige, 250, X" X+ — W —
BuX "X )iguAu(0,X X+ —
0uX~X")~3oM (X*X*H + XX~ H + 2 XXH ) +522igM (X" X°¢" ~ X-X"¢")+ BOSAO W
tigM (X°X~-¢" — XOX+¢™)+igMs, (X°X ¢ — XOX+¢™) +
Ligh (X*X*¢° — X-X~¢0) .
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Standard Model Total Production Cross Section Measurements

Status: February 2022

T 100 e
O 80 ub™" ATLAS Preliminary
[ Theory
ST Vs =7,813 TeV
F LHC pp Vs =13 TeV 3
- o Bl Daa 32139100 -
10° F A E
g Ao LHC pp Vs =8 TeV .
104 E A Data 20.2 — 20.3fb! <
[ LHCpp Vs =7 TeV -
3
10° o B  Date 454600t E
, Z A o0 o i
10 F o 8 E
5 © o “ oo :
= A -
) B £ o] total Lo o 'n] 7
10 E 2t A0 g E
= ok VBF 3
N Wu/—/ A i
1 F A o o & S
2 R A :
C . A ]
1071 g tEH B -
E (x0.3) Wwwz 3
- (x02)g 1
1072 E 3
PP W A tt t Wt H WW WZ ZZ tttW ttZ tttt
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Agora os problemas...
]
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Isto nao devia funcionar!...

A

MASSA

e M4 v W Z u d
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O Mecanismo de Higgs

Peter Higgs (b. 1929)

»
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V(g) = w2gTo+MgTe)2  o=(%)=n (2T
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Nem sempre se acerta a primeira...

=== ATLAS p-value
; CMS p-value
 []LEPexcl
Tevatron excl.
[ ATLAS exal.

4 : ; : Y S
10110 120 130 140 150 160 170 180 190 200 210
my [GeV]

Conferéncia europeia de Fisica de
Particulas (EPS-HEP) 2011
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2012: Descoberta do bosao de Higgs: H->yy

T l T T T T l T T T T I T T T T l T T T T l T T T T

> r ) -
o - /= 7| TeV || Ldt=000"| MarR5, 2011 =
P 31T —
E | —
GJ - —]
Lﬁ - ]
2.517 ATLAS Preliminary —
— H—yy channel -
ARE —
1.5 —
1 99| (299 | (29 99 9e |0 2 dEdREINRE LS *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]
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A Descoberta do bosao de Higgs




Experiéncias para ver o invisivel
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LINAC2 — 50 MeV
Booster - 1.4 GeV

NIV IL s T AT

Proton Synchroton (PS) > 25 GeV
Super Proton Synchrotron (SPS) - 450 GeV
Large Hadron Collider (LHC)— 7 TeV

M
LEP/LHC

Norith Area

SPS N
\/ 0@(,%0

West Area CNGS
\ 1 to Gran Sasso
EastArea
|
)
Linac
BOOSTER 'SOLDE lons ¥ Leir
-
: 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
Masterclass Ponta Delgada - 29/3/2023 29







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

Masterclass Ponta Delgada - 29/3/2023
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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 8 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 Masterclass Ponta Delgada - 29/3/2023 Luminosity block numbéar

Beam energy (TeV)



A EXPERIENCIA ATLAS

reee (404

R —

.

/ -'
=

C W
=
£
-

-
‘ ‘ ‘—g y ‘r . -
ESEEBIE ¥ IR e SN
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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%
Ricardo Gongalo Masterclass Ponta Delgada - 29/3/2023 34




Detetor de Tracos

Ricardo Gongalo

Calorimetro
Eletromagnético
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Calorimetro
Hadronico
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RPb e /
v a4 . | 2K
N . b

|

[

E=mc?™2

__-T

A F;3ica ed maximoll

www, hetemeel,.com
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O que (ainda) nao sabemos

“Ha mais coisas no

céu e na terra,
Horacio, do que sonha
a nossa filosofia??”

Ricardo Gongalo Masterclass Ponta Delgada - 29/3/2023 40



Para onde foi a antimateéria?

Ricardo Gongalo Masterclass Ponta Delgada - 29/3/2023 41



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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Entao e se o vacuo for instavel?....

NOT IN SCALE
err(@)

by Fal Instability
Vll(¢): 2¢2 4+6 [(mZ - n p

¢
+3 (m + ¢ ( (m +A¢2)
(9:2 +92 i (9 +92 5
+3 = A LT ~ 5

Vacuum Decay

i 1_010
- ‘Meta;sthbility, S

Pole top mass M, in GeV

Stability

Higgs mass M,;, in GeV
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Perguntas que vieram do espaco

l,,..h) ;747f>
ity 1"

[ ]
| e‘e_>,«

o K A

\\\\-“
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O Que é a Matéria Escura?

R - ' Via Lactea

. . . ’ . . -
. | — -«*-—--.— o
" . .

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

Bic RIP
CONSTANT
DARK ENERGY
m
14
L
>
Z
.
1]
7 5
-
. s Bi1G CRUNCH
@)
1]
| RP;“ON
5 ACcE\'E
D) Rl
2 [
\
o“'c’e
|
BIG . PRESENT FUTURE

BANG
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O Future Circular Collider - FCC

- ' -
4

L NG

:\ 0 Ao 71(')() km Circumference | . 4

L
—r "

FUTURE
CIRCULAR
COLLIDER




Os Fisicos DE PARTICULAS
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Os cacadores de particulas

Ricardo Gongalo Masterclass Ponta Delgada - 29/3/2023 51



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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Perguntas?’

Obrigado
pelo vosso
interesse!

vy, 3
SN
Vo B

jeoncalo@lip.pt
;? 2;3/2&)23
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COMO VER PARTICULAS INVISIVEIS
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MAS COMO FUNCIONA?
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Funcionamento de detetores

Para detetarmos uma particula, ela tem de interagir com o meio
(o material do detetor)

Essa energia € amplificada e transformada pelo detetor num sinal
elétrico

O Meio pode ser gasoso, liquido ou sélido

Gases
Gases nobres, misturas complexas, ...

Liquidos
liquidos cintilagiores,
agua, Xenon, Argon, etc

Solidos
Semicondutores, plasticos cintiladores, etc

Ricardo Gongalo Masterclass Ponta Delgada - 29/3/2023™=



* Producao de
particulas secundarias
— lonizacao, radiagao de
transicao, dispersao
elastica e inelastica, ...

Particula

Particulas
secundarias

 Producao de luz

— Cintilacao, luz
Cherenkoy, ...

Ricardo Gongalo Masterclass Ponta Delgada - 29/3/2023
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Pulso elétrico criado pelo

Particula detetor

 Producao de

particulas .
secundarias E 07\ VR
— lonizagao, radiacao de

T W17.00%

transicao, dispersao
elastica e inelastica, ...

* Producéo de luz -
— Cintilacao, luz tet (T - 'é
Voltage v

Dividers Power Supply

Cherenkoy, ...
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IMPACTO NA SOCIEDADE

12,8 BILLION YEARS AGO,

A FEW SECONDS BERRE THE 8 All et
CREATION OF OUR UNIVERSE Lets fire up this
Large Hadron Particle

llider and see
what happens/
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