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Introducere

Din ce este constituita materia?
Din ce este compus universul?

Care este originea universului si cum a
evoluat?

De ce se comporta asa universul?
Cum va evolua?



Time Since
Big Bang

present

500,000
years

Era of
Nuclei
3 minutes

Era of
Nucleosynthesis

0.001 seconds

10" seconds
Electroweak Era

10-%® seconds
1043 seconds

electron -
neutrino —

neutron
proton —

Copynght @ Addison Weasley.

Planck Era

antiproton
antineutron

e

5% (antimatter

Major Events
Since Big Bang

stars,
galaxies
and clusters
(made of
atoms and
plasma)

atoms and
lasma

lasma of
ydrogen and
hollum nuclei
plus electrons

protons, neutrons,
¥ electrons, neutrinos
(antimatter rare)
elementary particles

common)

Humans
observe
the cosmos.

First galaxies
form.

sy
ons ree
and become
microwave
background.

Fusion ceases;
myl matter is

drogen,
25% helium, by
mass.

Matter annihilates
antimatter.

Electromagnetic and weak
!orcos become distincl.

rong force becomes

dlsthc : mrhap
caush; lati

universe.

antielectrons <&+%

quarks o::@




Care sunt elementele din care este constituita
materia?

By conventionthere is color,
by convention sweetness,
by convention bitterness,
but in reality there are
atoms and space.

Democritus 400 BC

Periodic Table

of the Elements
c) Andy Brice 1998

Empedocles 492-432 BC

* Lanthanide
Series

- Actinide
Series

Vlendeleev, 1869




sfarsitul secolului XIX:



Electricitate si magnetism

ecuatiile
MAXWELL




Electromagnetism
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Confirmare experimentala a existentei
undelor electromagnetice (1888)



1911 Rutherford: atomii nu sunt particule elementare!
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Precursorul experimentelor moderne de imprastiere.



Atomil

Atomii:
- protoni si neutroni Tn nucleu
- electroni

Electronul - prima particula
elementara descoperita
(J.J. Thomson 1897)

Sunt protonii si

neutronii particule
elementare?

neutron



CORPULUI NEGRU

PROBLEMA ABSORBTIEI

PROBLEMA EMISIEI SI A STABILITATII



corpulul negru

Figure 1.1: Max Planck. AIP Emilio Segre Visual Archives.



Incident light _
of energy /v Electrons ejected

AN\\N with kinetic energy
AN K=h-W

N\

Metal of work function 7 and
threshold frequency vy = W/ h

Vv =constant







AAL=A.,(1—-cos8)
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Tonized atom

Paschen series
(infrared)

Balmer series
(visible region)

Lyman series
(ultraviolet)

Continuous spectrum

(Unbound states: E, >

0)

Discrete spectrum

(Bound states: E,

=

- 0)




Primele experimente
* Experimentele de difractie (1927)
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Davisson, C. J., "Are Electrons Waves?," Franklin
Institute Journal 205, 597 (1928)



sfarsitul secolului XIX:

inceputul secolului XX:

(mecanica Newtoniana nu
poate fi folosita la viteze foarte mari)



Ce legi folosim?

Ce mecanica folosim?

Legea atractiei universale

Legile de miscare ale lui
Newton — mecanica
clasica




Mecanica
clasica

Mecanica Teorie de
relativista camp




Campul electromagnetic ca sistem fizic

Fenomenele Fenomenele Fenomene legate Fenomene electromagnetice
electrostaticii § magnetostaticii § de curentii electrici Cu variatia rapida in timp

Fenomene
optice

Campul electromagnetic ca sistemfizic
CONCEPTUL DE SARCINAELECTRICA

ELECTRODINAMICA CLASICA

QED — Quantum
Electrodynamics

TEORIA RELATIVITATII
RESTRINSE

ELECTRODINAMICA

CUANTICA

TEORII DE ETALONARE (NE)ABELIENE




Atomil

Atomii:
- protoni si neutroni Tn nucleu
- electroni

Sunt protonii si

neutronii particule
elementare?

neutron



Fizica particulelor
elementare

1. Care sunt particulele elementare (ce
proprietati au — masa, sarcina electrica,
spin, ...)?

2. Cum interactioneaza?

3. Cum producem particule elementare?

4. Cum detectam particule elementare?



Dirac - particula - antiparticula

sarcina electrica
de semn opus

 Pereche electron-positron creata din fotoni
intr-o camera cu bule.

 Energia fotonului este transformata in

* Energia siimpulsul se conserva (dar nu si
masa de repaus)




Yukawa - 1934

Ce tine S| in nucleul?

De ce nu o experimentam in viata de zi
cu zI?



Protonii si neutronii - modelul
cuarcilor (1964)

(sarcina +1) (sarcina0)

u - cuarculup — sarcina electrica + 2/3
d - cuarcul down — sarcina electrica —1/3




Structura materiei (astazi!)

electron
<10"%cm

proton
(neutron)

nucleus
~10""%cm

atom~10cm




Cuarcii si culorile

QCD - Quantum
chromodynamics

Fiecare cuarc poate avea 3 “culori”

down
+2/3 -1/3

Cuarcii se combina in asa fel incat sa formeze particule ,incolore” (confinare).
-Barioni (3 cuarciqqg: rosu + verde + albastru = alb)

interactia tare
- “lipeste”
cuarciiin
stari legate -

-Mezoni (cuarc-anticuarc qgbar)



PDG - Particle Data Group
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In fiecare cm? al spatilui
sunt ~300 neutrini

de la Big Bang
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Physikalisches Institut
'dﬁ.:i!':ds. Technischen Hochschule Zirich, L. Des. 1930
ol

DEZiﬂtegrarea ﬁ el

ansuhBren bitte, Ihnen des nfheren auseinandersetsen wird, bin ich
angesichts der "falschen" Statistik der Ne und Li-6 Kerne, sowie

des kontinuierlichen beta-Spektrums suf cinen versweifelten /usweg
verfallen um den "Wechselsats® (1) der Statistik und den Energiesats

su retten. Mhmlich die M3glichkeit, es kbnnten elekiriech neutrale
Teilohen, die ich Nevtronen nemnen will, in den Kernen axistieren,
welche den Spin 1/2 haben und das Ausschliessungsprinsip befolgen und
- = ‘dheh von lichtquanten susserdem noch dadurch untersoheiden, dass sie
o = nit Lichtgeschwindigkeit laufen. Die Masse der Neutronen
a nivelul cuarcilior —> e v - ain vio o Hvronemest v g
. 8 nicht grosser als 0,01 Protonenmasse.- Das kon er
e B wite dann vorstindlich unter der Amaime, dass bein
Beta-Zerfall mit dem hlektron jeweils noch ein Neutron emittiert

derart, dass die Summe der Energien von Neutron und klektron
.

= W.Pauli - 1930
O C 15 min . Q G
n e
C "

Un neutron se dezintegreaza in 15 minute.
interactie ,,slaba”!

QFD —Quantum
flavordynamics




Tipuri de interactie

masSa




Cine mediaza interactiile?

bozonii

D — Quantum
trodynamics

QFD —Quantum
flavordynamics

Slaba

-+ -
QCD - Quantum WH W, 2
chromodynamics



Fundamental Forces
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html
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a doua generatie
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materie ,,obisnuita”

cele 3 generatii difera prin masa!

radiatie cosmica

acceleratori




alectron
neutrino
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Particle Hierarchy FERMIONS® BOSONS
First Second Third
10° Generation Generation Generation
Top quark

10°

Masa

Molecules 10° : Bottom quark

Charm quark

10° | | Tau

’ Strange quark
107 |

Muon

Diminishing Scale

Down quark

Nucleus
with
Electrons

10°°

Up quark
107

Mass (giga-electron-volts)

Electron

Sub-Atomic Protons ad
Particles and Nucleons 10

Neutrons \/\/\/\ MASSLESS

10 BOSONS
Fermions 10
Muon- °

Leptons :
Quarks neutrino Tau- ) Photon

Bosons 10  Electron- °‘ neutrino
Gluons neutrino . Gluon

Elementary Muons Q
Particles and many others 10°%




numarleptonicL (L, L, L)) numar barionic B

Carried T i Eata
By Graviton N W Z° Photon Gluon
(not yet observed)

Quarks and
m Al Charged Leptons _ 'alE
and wW W
interactie slaba interactie tare (cuarcii)

(cuarcii si leptonii)






Mecanica

cuantica
Teorie de camp
Mecanica
relativista
Modelul
Standard si
extensii

Teorii de etalonare




Schema teoretica: de la simetrii spatio-temporale la
particule elementare si interactii

Simetrii spatio-temporale grup LORENTZ

Grup de etalonare

simetrii interne

purtatori —functiiale

CAMpUTri fizice npmmmmm— reprezentarilor ireductibile
alegrupului LORENTZ

particule elementare cuantificare

dinamica
(LAGRANGIAN)

] . invariantalatransformari
interactii fundamentale R TTE—————————— 7
2 locale de etalonare



Lagrangian — Glashow-Weinberg-Salam (interactie electro-slaba)
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Feynman — diagrame si reguli

Feynman earned his Nobel for creating
these diagrams
(Courtesy Auckland University)




De unde apare masa particulelor
teorie?

n

au masa

a

W+ W-, Z
- rezult

tana

~

~

ara rupere spon

f

de simetrie

rupere spontana de simetrie



the Weinberg-Salam model and beyond

W =, Z, vy kinetic
energies and
self-interactions

£=—iW, W — 1B pw

r 1 y 'lepton and quark
id, = g3W, ~ 8’5 B, |1 kinetic energies
Y J and their

e E“) R interactions with

l_w i* Z’! Y

[
Iﬂﬂ—g

, 1
+|(4”5"ILl - SE"““L - S’EH,, masses and

couplings

¥ {w *,Z, v, and Higgs

lepton and quark
—(G,L$R + G,L¢ R + hermitian conjugate). { masses and
coupling to ITiggs
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Modelul Standard

mass - =23 MeV/c*

charge —» 2/3

spin = 1/2

LEPTONS

W
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=48 MeVic*

-1/3 4
12 <

down
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1 i
- &
electron
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W
112 j

electron
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-1/3 .

172 g
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-1 A
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0 3
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=173.07 GeV/c*

2/3 :
. &
top

=4 18 GeV/c?

1.777 GeV/c?

-1

tau

<15.5 MeV/c*

tau
neutrino

=126 GeV/c?

0

- H
Higgs
boson

91.2 GeV/c?
8 -

1

! Z boson J

80.4 GeV/c*

+ antipe

D4 Q,

| W boson




Fizica particulelor
elementare

1. Care sunt particulele elementare (ce
proprietati au — masa, sarcina electrica,
spin, ...)?

2. Cum interactioneaza? - De unde
obtinem informatii?

3. Cum producem particule elementare?

4. Cum detectam particule elementare?



Send Feedback

PDG; .

particle ‘dato group BS &

Summary Tables | Reviews, Tables, Plots | Particle Listings

2020 Review of Particle Physics.
P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

Gauge & Higgs Bosons reviews | Leptons | reviews
0 e

Light quarks (u, d, s)

gluon I c
graviton T

Heavy Charged Lepton

Neutrino Properties v

Number of Neutrino Types 14
Neutral Higgs Bosons, Searches for Double g-Decay Free quark
Charged Higgs Bosons (H*, H**) Neutrino Mixing
Heavy Bosons Heavy Neutral Leptons

Axions httDS//quhvelbICIOV/

Mesons reviews | Baryons | reviews | Other Searches | reviews |

Light Unflavored " NBaryons Magnetic Monopole
Further States A Baryons Supersymmetric Particles
Strange A Baryons Technicolor
Charmed X' Baryons Quark and Lepton Compositeness
Charmed, Strange ZBaryons Extra Dimensions
Bottom 2Baryons WIMPs
Bottom, Strange Charmed Baryons Other Particle Searches
Bottom, Charmed Doubly-Charmed
ce (including possibly non-ggq states) Bottom Baryons Conservation Laws [ reviews |
bb (including possibly non-4g states) Exotic Baryons Discrete Space-Time Symm.
Non gg Candidates Number Conservation Laws



https://pdglive.lbl.gov/

Quantity

Symbol, equation

Value Uncertainty (ppb)

speed of light in vacuum
Planck constant
P’lanck constant, reduced

electron charge magnitude
CONVersion constant
conversion constant

¢
h
h=h/2n
e

fe
(he)?

299 792 458 m s~ 1
6.626 070 1510 J s (or J/Hz)
1.054 571 817... x 10731 J 5

= 6.582 119 569. .. x 107%2 MeV s
1.602 176 634x10~19C
197.326 980 4. .. MeV fm
0.380 370 372 1... GeV? mbarn

exact
exact
exact™®
exact®
exact
exact®
exact®

clectron mass
proton mass

neutron mass
deuteron mass
unified atomic mass unit**

Me
mp

™
my
u = (mass 2C atom)/12

0.510 998 950 00(15) MeV /c? = 9.109 383 7015(28)x10 3 kg 0.30
938,272 088 16(29) MeV /¢? — 1.672 621 923 69(51)x10~%" kg 0.31

— 1.007 276 466 621(53) u — 1836.152 673 43(11) m, 0.053, 0.060
939.565 420 52(54) MeV /¢? — 1.008 664 915 95(49) u 0.57, 0.48
1875.612 942 57(57) MeV /2 0.30
931.494 102 42(28) MeV /¢? = 1.660 539 066 60(50)x10~27 kg 0.30

permittivity of free space
permeability of free space

[ 1},‘1.[}(:2
o/ (47 x 10°7)

8.854 187 8128(13) x10 12 F m ! 0.15
1.000 000 000 55(15) N A2 0.15

fine-strueture constant
clagsical electron radius

(e~ Compton wavelength) /27
Bohr radius (myyclens = 00)
wavelength of 1 eV /e particle
Rydberg energy

Thomson eross section

a = e? [dmephe

o ezjﬂl?rfumecz

Xe = hfmec = rea !

oo = dmegh? jmnez = ot
hef(1 eV)

heRoo = meet /2(4men)2h2 = moc?a? /2
o = 812 /3

2

7.207 352 5693(11)x 10— = 1/137.035 999 084(21)} 0.15
2.817 940 3262(13)x 10~ m 0.45
3.861 592 6796(12)x 10~ m 0.30
0.529 177 210 903(80)x10~19 m 0.15
1.230 841 984... x 107 m exact®
13.605 693 122 994(26) eV 1.9x1073
0.665 245 873 21(60) barn 0.91

Bohr magneton

nuclear magneton

clectron eyclotron freq. /field
proton cyclotron freq. /ficld

pup = eh/2m,
By = ehf2my
wgycljB =efm,

5.788 381 8060(17)x 10~ MeV T—! 0.3
3.152 451 258 44(96) x 10~14 MeV T—! 0.31
1.758 820 010 76(53)x 10" rad s ! T ! 0.30
9.578 833 1560(29)x 107 rad s~ T! 0.31




gravitational constant® 6.674 30(15) %1011 11_13 kg~ ! s 2
= 6.708 83(15)x 107 he (GeV/e?)—2

standard gravitational accel. 0.806 65 m s 2

Avogadro constant, 6.022 140 76x10%3 mol !
Boltzmann constant 1.380 64910 23 JK !

8.617 333 262... x 1079 eV K1 exact*
molar volume, ideal gas at ST Nk (273.15 K) /(101 325 Pa) 22413969 54, x 10~ m? mol ! exact*®
Wien displacement law constant b — Apax! . 2807 771955, .. x 1074 m K exact®
Stefan-Boltzmann constant o = w2k /60R3e? 5.670 374 419... x 107" Wm—2 K1 exact”
Fermi coupling constant™ Gr/(he)? 1.166 378 7(6)x 105 GeV 2 510
weak-mixing angle sin (M) (W8) 0.231 22(4)ft 1.7 % 10°
W+ boson mass my 80.379(12) GeV /c? 1.5 x 107
7" boson mass my 91.1876(21) GeV /c? 2.3 % 101
strong coupling constant g (my) 0.1179010) 8.5 x 106

7 = 3.141 592 653 589 793 238. .. e = 2.718 281 828 459 045 235. .. v = 0.577 215 664 901 532 860. ..

1in = 0.0254 m 1g=10%T 1eV = 1.602 176 634 x 1079 J (exact) KT at 300 K = [38.681 740(22)] ! eV
1A=01nm Ldyne=10""N (1 ke)e? = 5.609 588 603... x 10% eV (exact*) 0°C=27315K
Lbarn=10"m?> teeg=10"1] 1C=2.997 924 58 x 10? esn 1 atmosphere = 760 Torr = 101 325 Pa

F CODATA recommends that the unit be J/Hz to stress that in i — E /v the frequency v is in cyeles/sec (Hz), not radians/sec.
* These are calculated from exact values and are exact to the number of places given (i.e. no rounding).

** The molar mass of '2C is 11.999 999 9958(36) g.

f At Q% =0. At Q? = mj, the value is ~ 1/128.

f Absolute laboratory measurements of Gy have been made only on scales of about 1 em to 1 m.

# See the discussion in Sec. 10, “Electroweak model and constraints on new physics.”

it The corresponding sin? @ for the effective angle is 0.23155(4).




Simulation of a particle collision in which a Higgs boson is produced (Image: Lucas
Taylor/CMS)
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particle physics colliSIoNS: Cross SECtion O Eapmm—" (,1jl, | T S I E RS D)

ciocniri: sectiune eficace de imprastiere

(initial flux)

I}

do =

4o M — amplitudine de tranzitie
F

1

Oty +a,—-bi+ - +b,)=—F———
tot( 1 2 1 m) ZW(S, m%,m%)

H ((;lp;s 0. (pi® — mé”)) 2n)*o(pi + -+ + P — Py — P2)

1<b1(P1) ... Bu(Pm)| T |31(P1)32(P2)>|2-

dezintegrari: rata de dezintegrare

1
dI'(a(p) = b;(p1) + - + bu(pm) =m 1+ +Pm—p

1 5101 71)- - balpi TIao

i=1
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Feynman — diagrame si reguli

Feynman earned his Nobel for creating
these diagrams
(Courtesy Auckland University)




Feynman — diagrame si reguli
Electrodinamica cuantica

electron in initial state

u(p)

electron in final state

u(p)

positron in initial state

u(q)

positron in final state

v(q)

photon in initial state

81‘

incoming electron line
e (p)
—— e
outgoing electron line
e (p)
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outgoing electron line
e'(q)
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incoming electron line

e*(q)

——

incoming photon line
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photon in final state
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virtual photon
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virtual electron
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elementary process
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outgoing photon line
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internal photon line
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internal electron line
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Feynman — diagrame si reguli

W~ initial state

(k)

W~ in final state
e*(k)

W in initial state
&(k)

W+ in final state

&*(k)

Fermion—Boson vertices:
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outgoing W line
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incoming W line
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Z in initial (final) state
&(k)(e* (k)
Higgs particle in initial (final) state

1

virtual W boson

virtual Z boson
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virtual Higgs particle
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external Z line
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Feynman — diagrame si reguli

neutron proton

Sarcina electrica
se conservalla
e flecare vertex

Beta radioactive decay via the weak interaction



Feynman — diagrame si reguli

matricea de mixing a cuarcilor
(Cabibbo—Kobayashi-Maskawa)

e 1 —7s
V* H
J2sin 8y L 7

—1i




...SI mai multe!
Teoria perturbatiilor — corectii
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3. Cum producem particule

elementare?

® metode simple pentru electroni, protoni
(e.g. ionizari)

® radiatii cosmice

® reactori nucleari

® acceleratori-ge_part




4. Cum detectam particule
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Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet

Transition
Radiation

Trqcking Tracker 4
Pixel/SCT detector




Din ce este constituita materia?
Din ce este compus universul?

Care este originea universului si cum a
evoluat?

De ce se comporta asa universul?
Cum va evolua?

Modelul Standard -
raspunsul la toate intrebarile?



matricea de mixing a neutrinilor?

INCOMING
COSMIC RAYS




Ce este ,,dark matter?
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Hubble Space Telescope + Advanced

NASA, ESA, and R. Massey (California Institute of Technology)
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Dark Energy
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Inflation

Key: W, Z bosons A\, photon

q quark ) meson ' galaxy
! :

g gluon 4 & ® baryon * =

€ electron .
[Lmuon Ttau G ton

black
V neutrino C@) atom hole
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Fizica particulelor

1. Care sunt particulele elementare (ce
proprietati au — masa, sarcina electrica,
spin, ...)?

2. Cum interactioneaza? - De unde
obtinem informatii?

3. Cum producem particule elementare?

4. Cum detectam particule elementare?

Fizica, acceleratori si detectori

...va urmal @CERN



