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Физика на елементарните частици

Опитва се да отоговори на на два фундаментални въпроса

-Кои са елементарните съставящи на материята?

-Кои са фундаменталните сили контролиращи
тяхното поведение ?
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Фундаментални частици
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Симетрии
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Symmetries

The symmetry plays a crucial role in the particle physics
Symmetry Principe
The global symmetries of a given physical system define the 
suitable physical variables for its description and conserving 
quantities
The local symmetry of the system defines its dynamics 
(interactions) 
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Neuter theorem
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Symmetries

An example – we live in 4-dimensional homogeneous and isotropic
space-time
The physical variables for any system in this space time – Mass and  Spin
Conserving quantities –
From homogeneity Pμ 4-momentum
Energy and momentum conservation laws 
From isotropic – Angular momentum –Mμν

Angular  momentum conservation law 
This a space-time symmetry
Internal Symmetries – correspond to conservation of electric charge, 
charm, strangeness, barion number, lepton number, iso-spin etc. 
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Continues Symmetries
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Discrete Symmetries
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Discrete Symmetries
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Discrete Symmetries
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Discrete Symmetries
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Discrete Symmetries
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Discrete Symmetries
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Discrete Symmetries
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Discrete Symmetries

In the weak interactions
C, P and CP symmetries are violated!

General theorem – CPT is conserving in all interactions
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Взаимодействия
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Видове взаимодействия
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Как стават?
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Как стават?
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Преносители на взаимодействия
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Стандартен Модел
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LEPTONS Do not participate in strong interactions
Spin ½
Observed as free particles
Pointlike (r < few x 10-17cm)
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Strong interactions bind them into hadrons
Not observed as free particle – confinement
Spin ½ ; pointlike;  (r < few x 10-17cm)
Qu = 2/3 ; Qd = -1/3 

QUARKS

NG = 3

Fundamental particles
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In QFT – the local invariance of L defines the interactions
Electromagnetic Interactions:              γ
Quantum Electrodynamics (QED)   U(1)
In the Standard Model
QED + Weak Interactions:                  γ , Z0, W±

Electroweak Theory SU(2)L       U(1)Y

Strong Interaction 8 Gluons
Quantum Chromodynamics (QCD)     SUc (3)

Standard Model - interactions
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Силни взаимодействия
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Strong Interactions – Quantum Chromo Dynamics

In the strong interactions –
Colour is the strong charge – like electric charge in the EM 
interactions
Quarks – have 3 colours
Gluons – eight colours (main difference with the photon)
Gluon self interactions

QCD –
flavor conserving
only one parameter  - α s
due to gluon self interactions αs(Q2) – Q is a 4- momentum transferred 
by the gluon
Asymptotic freedom 
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QCD interactions



L. Litov Particle Physics Sofia, April 2006

Free quarks, gluons have never been observed experimentally;
only indirect evidence from the study of hadrons – WHY? 
CONFINEMENT: coloured particles are confined  within
colourless hadrons because of the behaviour of the colour forces
at large distances
The attractive force between coloured particles increases with
distance ⇒ increase of  potential energy ⇒ production of 
quark – antiquark pairs which neutralize colour ⇒ formation
of colourless hadrons (hadronization)

CONFINEMENT, HADRONIZATION: properties deduced
from observation. So far, the properties of colour forces at
large distance have no precise mathematical formulation in QCD.

At high energies (e.g., in e+e– → q + q ) expect the hadrons to
be produced along the initial direction of the q – q pair
⇒ production of hadronic “jets”

QCD - confinement
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QCD – experimental test
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Електрослаби взаимодействия
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Charged Currents  W± Left-handed fermions only
Flavor changing: νl l, qu qd

Neutral Currents   γ, Z Flavor Conserving     fi fi

Fundamental particles
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Electroweak interactions
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Standard Model
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In the SM masses are generated trough 
Spontaneous Symmetry Breaking (SSB)  – Higgs Mechanism
Introduce Scalar Higgs doublet  
The Lagrangian is invariant
However its vacuum state is degenerate –

Choice of the vacuum state – leads to SSB
SU(2)L  x U(1)Y  U(1)Q

Couplings with gauge bosons and fermions – induce mass terms
Price – new particle H-boson – to be discovered

2
|0||0| 0
v=>Φ<

Spontaneous Symmetry Breaking
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Spontaneous Symmetry Breaking
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Spontaneous Symmetry Breaking
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Higgs interactions
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Fermion Masses
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Arbitrary Non-Diagonal Complex Mass Matrices
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Diagonalization of Mass Matrices
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Quark Mixing CKM Matrix
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Quark Mixing
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Fundamental particles
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Standard Model

Predictions
Massive force carriers - W±, Z0

Charge current interactions (W±) –
describe known processes like muon and β-decays

Neutral currents (Z0 ) – new phenomena
Higgs mechanism - H – boson

Quark mixing – 3 - generations
Need experimental confirmation
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Neutral Current processes

Example of 
νμ + e– → νμ + e–

(elastic scattering)
Recoil electron 
energy = 400 MeV

( νμ beam from π– decay
in flight)

Example of 
νμ + p (n) → νμ + hadrons
(inelastic interaction)
( νμ beam from π+ decay

in flight)

Heavy liquid bubble chamber Gargamelle at the CERN PS (1973)
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MW ≈ 70 – 90 GeV/c2 ;    MZ ≈ 80 – 100 GeV/c2

too high to be produced at any accelerator in operation in the 1970’s

1975: Proposal to transform the new 450 GeV CERN proton
synchrotron (SPS) into a proton – antiproton collider (C. Rubbia)

p p

Beam energy = 315 GeV ⇒ total energy in the centre-of-mass = 630 GeV

Beam energy necessary to achieve the same collision energy on a proton at rest :

22222 GeV) 630()( =−+ cpcmE p E = 210 TeV

Production of W and Z by quark – antiquark annihilation:
+→+ Wdu −→+ Wdu

Zuu →+ Zdd →+

Observation of W and Z



L. Litov Particle Physics Sofia, April 2006

Search for W± → e± + ν (UA1, UA2) ; W± → μ± + ν (UA1)
Z → e+e– (UA1, UA2) ; Z → μ+ μ– (UA1)

UA1: magnetic volume with trackers, 
surrounded by “hermetic” calorimeter

and muon detectors

UA2: non-magnetic,
calorimetric detector 

with inner tracker

Observation of W and Z
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One of the first W → e + ν events in UA1 48 GeV electron
identified by

surrounding calorimeters 

Observation of W and Z
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Standard Model

e+e– → b  b 
(the 5th quark: e = −1/3)

e+e– → Z → q q
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The two orthogonal views of an event Z → q q → hadrons at LEP
(ALEPH detector)

Observation of W and Z



L. Litov Particle Physics Sofia, April 2006



L. Litov Particle Physics Sofia, April 2006



L. Litov Particle Physics Sofia, April 2006



L. Litov Particle Physics Sofia, April 2006



L. Litov Particle Physics Sofia, April 2006



L. Litov Particle Physics Sofia, April 2006

Маса и осцилации на неутриното

Ако ν имат маси, е
възможно да се смесват
и да осцилират

Осцилации се
наблюдават
експериментално
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Проблеми на СМ

Маси на преносителите на взаимодействия и
материалните полета
15 допълнителни параметъра
Защо 3 поколения
Асиметрия между ляво и дясно
Нарушение на CP инвариантността т.е. материя –
антиматерия
Higgs – бозон – експериментално наблюдение
Масси на неутриното – смесване на неутриното
Йерархия на масите
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Обединение на взаимодействията



L. Litov Particle Physics Sofia, April 2006

Обединение на взаимодействията
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Grand Unification
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Grand Unification
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Обединение на взаимодействията
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Гравитация – свойства на пространство - времето
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Суперсиметрия

How to unify ?
Gravity - space-time symmetry
Electroweak - internal symmetry
Strong - internal symmetry
Supersymmetry – symmetry between 
bosons and fermions
Works well, but

Price to pay: many new particles!
To every fundamental particle – new 
boson
To every mediator – new fermion
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Колко мерно е пространство-времето?
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Назад към началото
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Как го правим?
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Как го правим?
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CCosmic rays
Cosmic rays
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Ускоретели
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Ускорители
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LHC
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CERN accelerators
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LHC
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LHC: Контролна зала
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LHC: в тунела
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Структура на детекторите
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Как и какво измерваме
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NA48 experiment
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NA49 PbPb event
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CMS Detector
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София: мюонен телескоп



L. Litov Particle Physics

Брой камери = 4

Избор на тестова
станция
3 съвместими клъстера
в рефените станции, 
точно по един във всяка, 
с големина ≤ 7

Камерата се счита
за ефективна, ако в
нея има клъстер
съвместим със
следата

Реконструиране на
мюонната следа

РеконструиранеРеконструиране нана мюоннимюонни следиследи
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CMS  Muon system
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DAQ
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Кой го прави?
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Млади
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Умни
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Красиви
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А вие искате ли?

Изборни курсове
Квантова теория на полето
Теория на групите
Увод във физиката на елементарните частици
Увод в теория на елементарните частици
Калибровъчни теории на полето
Експериментална ядрена физика
Теоретична ядрена физика
Ядрена електроника
Дозиметрия и лъчезащита
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Заключение

Физиката на ел. Частици е най-:
Фундаменталния раздел на

физиката
Сложна от теоретична гл. точка
Развита експериментално
скъпа
възбуждаща

Тя дава:
Ново знание и разбиране на

света
Нови технологии
Голямо удоволствие

Изисква


