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Introducere

Din ce este constituitámateria?

Din ce este compus universul?

Care este originea universului Ħi cum a evoluat?

De ce se comportáaĦa universul?

Cum va evolua?

....



Mecanicá
cuanticá

Mecanicá
relativistá

Teorie de câmp

Teoria 

grupurilor

Geometrie 

diferenĪialá

Teorii de etalonare

Modelul 

Standard Ħi 
extensii



Schemáteoreticá: de la simetrii spaĪio-temporale la 

particule elementare Ħi interacĪii

grup LORENTZ 

câmpuri fizice

particule elementare

Simetrii spaĪio-temporale

purtátori ðfuncĪii ale 

reprezentárilor ireductibile

ale grupului LORENTZ

cuantificare

interacĪii fundamentale

simetrii interne

invarianĪála transformári
locale de etalonare

Grup de etalonare

dinamicá
(LAGRANGIAN )



LagrangianðGlashow-Weinberg-Salam(interacĪie electro-slabá)
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Feynman ðdiagrame Ħi reguli



De unde apare masa particulelor în teorie?

rupere spontanáde simetrie

fárárupere spontaná
de simetrie

W +, W-, Z ðau masá
- rezultábozonul Higgs



The Weinberg-Salam model and beyond





Event display of a H -> 2e2mu candidate event with m(4l) = 122.6 (123.9) GeV without (with) Z mass constraint. 

The masses of the lepton pairs are 87.9 GeV and 19.6 GeV. The event was recorded by ATLAS on 18-Jun-2012, 11:07:47 CEST. 

The Higgs boson explained https://home.cern/science/physics/higgs-boson

CERN a sárbátorit pe 

4 iulie 2022

10 ani de la 

descoperirea 

experimentaláa 

bozonului Higgs

https://home.cern/e

vents/anniversary-

discovery-higgs-

boson

https://home.cern/science/physics/higgs-boson
https://home.cern/events/anniversary-discovery-higgs-boson
https://home.cern/events/anniversary-discovery-higgs-boson
https://home.cern/events/anniversary-discovery-higgs-boson
https://home.cern/events/anniversary-discovery-higgs-boson


Higgs boson discovery was the culmination of the decades of dedicated and intense work by so many collaborators in designing,

building and operating ATLAS, and in understanding and analysing the data . None of it would have been possible without the

huge dedication also of the LHC accelerator team, the worldwide distributed computing teams, and the continuing support of

the governments and funding agencies of the 38 countries home to our 177 member institutes .

We can all feel proud that our experimental observations demonstrated that the insights rewarded by the Nobel prize are

realised in nature .





Modelul Standard

+ antiparticule

(Q, L, B opus)!



1. Care sunt particulele elementare (ce 

proprietáĪi au ðmasá, sarcináelectricá, 
spin, ...)? 

2. Cum interacĪioneazá?  - De unde 

obĪinem informaĪii?

3. Cum producem particule elementare?

4. Cum detectám particule elementare?

Fizica particulelor 

elementare



https://pdglive.lbl.gov

/

https://pdglive.lbl.gov/
https://pdglive.lbl.gov/






2. De unde obĪinem informaĪii despre particule?

ciocniri

dezintegrári

stári legate



particle physics collisions: cross sectionʎfi

ciocniri: secĪiune eficace de împráĦtiere ( )
( )statesfinalofnumber

fluxinitial

Wf i
=

M ðamplitudine de tranziĪie

dezintegrári: rata de dezintegrare



Cum interacĪioneazá?

interacĪia
particulelor

interacĪia
dintre particule 

asociate 

materiei

masa 

particulelor 

asociate 

materiei

HiggsðinteracĪii

masa anti-

particulelor

masa particulelor 

care mediazá
interacĪiile

https://home.cern/news/news/cern/sit -down-coffee-standard-model
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Feynman ðdiagrame Ħi reguli



Feynmanðdiagrame Ħi reguli

Electrodinamicácuanticá



Feynman ðdiagrame Ħi reguli



Sarcina electricá
se conservála 

fiecare vertex

Feynman ðdiagrame Ħi reguli



Feynman ðdiagrame Ħi reguli

matricea de mixing a cuarcilor 
(CabibboðKobayashiðMaskawa)



...Ħi mai multe!

Teoria perturbaĪiilor ðcorecĪii 



(g-2)l l=e,ɛ,Ű



3. Cum producem particule elementare?

metode simple pentru electroni, protoni (e.g. ionizári)

radiaĪii cosmice

reactori nucleari

acceleratori de particule 



Accelerating Science and Innovation



CERN (Conseil Européenpour la Recherche Nucléaire1954) 

is often referred to as the European Laboratory for Particle Physics.

https://home.cern/

https://home.cern/




RICH2 RICH1

Detector de

muoni

Calorimetre OT Magnet

VELO

4. Cum detectám particule elementare?

ansamblu format din diferiĪi detectori 







1. Care sunt particulele elementare (ce 

proprietáĪi au ðmasá, sarcináelectricá, 
spin, ...)? 

2. Cum interacĪioneazá?  - De unde 

obĪinem informaĪii?

3. Cum producem particule elementare?

4. Cum detectám particule elementare?

Fizica particulelor

Å Introduction to quantum theory of fields

ÅStandard Model of elementary particles



Modelul Standard ð

ráspunsul la toate întrebárile?

NU!

? Din ce este constituitámateria?

? Din ce este compus universul?

? Care este originea universului Ħi cum a 

evoluat?

? De ce se comportáaĦa universul?

? Cum va evolua?

? ....



Cum acomodám în teorie masa neutrinilor?

matricea de mixing a neutrinilor?



4%
Ce este ,,dark matteró?



Pascal Pralavorioõson Dark matter 



De ce în univers existŁ mai multŁ 

materie decât antimaterie?

ExistácantitáĪi mari de materie, dar nu Ħi dovada unor cantitáĪi mari 

de antimaterie.

violarea conservárii sarcinii Ħi paritáĪii 
CP  ðcharge-parity

CP

beauty anti-beauty

B0 B0


