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Introducere

DI n ce este constitultt mater

Din ce este compus universul?
Care este originea universulu
De ce se comportt aHa uni vers

Cum va evolua?
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Care sunt elementele din care este constituita

materia’? By convention there:igolor,
by convention-sweetness,
by convention bitterness,
but in reality there are

c) Andy Brice 1998

Empedocles 4932 BC

atoms and space.

Democritus 400 BC

Periodic Table
of the Elements

* Lanthanide
Series

- Actinde
Series

Viendeleev, 1869




Scurt istoric
A

Amecanict cl asi ct:
A electromagnetism:;
At er modi nami ct.



Electricitate U magnetism
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Electomagnetism
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1911 Rutherford:atomii nu sunt particule elementaré
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Atomi

Atomii:
- protoni H neutroni in nucleu
- electroni

Electronul-pr i ma Sunt protonii Hi
el ement ar t e neutronii particule
(J.J. Thomson 1897) - g elementare?

neutron



CORPULUI NEGRU

PROBLEMA ABSORBTIEI

PROBLEMA EMISIEI SI A STABILITATII



corpulul negru

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




v =constant
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Incident light
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with kinetic energy
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Metal of work function 77 ¢
threshold frec







Al = A.(1—cos@®)
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Tonmized atom

Paschen series
(infrared)

Balmer series
(visible region)

Lyman series
(ultraviolet)

~ Continuous spectrum
(Unbound states: E,, > 0)

Discrete spectrum
(Bound states: E,, < 0)

—13.6 eV
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inceputul secolului XX:

( mecanica Newtoniant nu
poate fi folositt | a viteze foarte mari)



Ce legi folosim?

Legea atrac™H el

Legi |l e de mi
Newton I mecanica
cl asi ct




Teorie de
camp




Campul electromagnetic casistem fizic

Fenomenele Fenomenele Fenomene legate Fenomene electromagnetice
electrostaticii B} magnetostaticii | de curentii electrici Ccu variatia rapida in timp

Fenomene
optice
Campul electromagnetic ca sistem fizic
CONCEPTUL DE SARCINA ELECTRICA

ELECTRODINAMICA CLASICA

QED 1T Quantum
Electrodynamics

TEORIA RELATIVITATII

RESTRINSE ELECTRODINAMICA
CUANTICA

TEORII DE ETALONARE (NE)ABELIENE




Atomi

Atomii:
- protoni 'H heutroni Tn nucleu
- electroni

Sunt protonii Hi
neutronii particule
elementare?

neutron



Fizica particulelor
elementare

1.

Care sunt particulele elementare (ce

propri eéemasi , asarci nt el
spin, ...)?

Cum I nteracH oneazt?
Cum producem particule elementare?

Cum detecttm particul e

ectr
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Diracopar t tacnutliNpbaryr t i cul N

sarcint electrict
de semn opus

APerecheelectron-posi t ron creatt din fotoni
intr-o camert cu bul e.

AEnergia fotonului este transfor matt

AEnergia 'Hi impulsul se conservt (de
masa de repaus)




Yukawao 1934

A Ce I oneH n nucleul?

A De ce nu o experimenttm
Cu zi?



Protonii U neutronii d modelul cuarcilor
(1964)
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Structuramateriei(ast § z i1 !

electron
<10"%cm

proton
(neutron)
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N nucleus
~107"“cm

atom~102cm




CuarciiU culorile

Fiecare cuarc poate avea 3 i @orio

down
+2/3 -1/3

Cuarci i combinkt “~ n aHa el " nc©t st formeze par
-Barioni (3 cuarci qqq: ro 'H# verde + albastru = alb)

QCD 1 Quantum
chromodynamics
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PDG 1 Particle Data Group
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Dezintegrarea b

dy

La nivelul cuarcilor:

@ ¢
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15 min

Un neutron s

Nt er ac Hi

QFD T Quantum
flavordynamics

e

u-ne

Physikalisches Institut

der Eidg. Technischen Hochschule Zirich, L. Des. 1930
Zirich

Cloriastrasse
Liebe Radiocaktive Damen und Herren,

Wie dsr Usberbringer dieser Zeilen, den ich mldvollst
ansuhBren bitte, Itmen des niheren auseinandersetsen wird, bin ich
angesichts der "falachen" Statistik der N- und Li-6 Kerne, sowie
des kontinuierlichen beta-Spektrums suf cinen versweifelten jumieg
verfallen um den "Wechselsats” (1) der Statistik und den Energiesats
s retten. Mimlich die MSglichkeit, es kbnnten elektriech neutrals
Teilchen, die ich Neutronen nemmen will, in den Kernen existieren,
welche den Spin 1/2 haben und des Ausschliessungsprinsip befolgen und
‘dheh von lichtquanten wusserdem noch dadurch unterscheiden, dass sie

mit Lichtgeschwindigkeit laufen. Die Masse der Neutronen
:- von derselben Oroesenordmng wie die Elektronenmasse sein und
& nicht grosser als 0,01 Protonenmasse.- Das kontimierliche
wire denn verstandlich unter d:"lu:lbu,-i mub‘m
Beba-Zerfall mit dem klektron jeweils noch e eutron
derart, dass die Summe der Energien von Neutron und klektron

aiedy
konstant iste

W.Pauli - 1930
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e dEmnute.t egreazt
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Tipuri deinteractie
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masa




Cine medi @le?N i nterac

bozonii

DT Quantum
trodynamics

(1),

QFD T Quantum
flavordynamics

S| abt

gluonii

+ -
QCD i Quantum W W, 2
chromodynamics



Fundamental Forces
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html
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Particle Hierarchy FERMIONS® BOSONS
First Second Third
10° Generation Generation Generation
Top quark Higgs
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neutrino Tau- ) Photon
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n u mieptonic L (L, L, Ly numktr barionic B

C 2 k
arrlgc; Graviton Photon Gluon
(not yet observed)
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All Charged Leptons pEIAY S
and w+ W and Gluons
I nt ersalcahb te i nt ertare (tliarei)

(cuarcii H1i | eptoni i)






\ K- d

cuant i b
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Schemt tedeelkacsi metemporalela p a Hi o
particule eliememtarHe | Hi
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Lagrangian 1 Glashow-Weinberg-Salam
(I nt e relaatrokd lea b £ )

Lows = Z(@_f(i"}'“@{.& —mgp)¥s —eQpU " U A+
i

aLy bW, +bLy" LW, )+2—Z‘I* V(I =25uQs—1775) ¥ s 2t

— 0, A, —ie(W W, —Wiw,)[? - —|a WS — 8, Wi+

_ie(tﬂv‘; A, — WA +ig'ew(W) 2, — W, Z,*+

—ild Zy — 00 Zy +ig co (W W — WIW, )2+

gM~ 3 giﬂ—;r;f

~M2n® — S .
T 8w 32Mr,.1.-—”

= Y [Mw W+ gn W2+

—|0Hn +iMzZ, + ?}Zﬁ|

2




Feynmani di agr ame 'Hi regul |

Feynran earned his Nobel for creating
these diagrams
(Courtesy Auckland University)
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De unde apare masa particulelor
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The Weinberg-Salam model and beyond

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

£ = —iW, .Ww — 1 pw

Y lepton and quark
u’:r‘ —g—*r“" —gTBH)L kinetic energies
! and their
i, — g’iﬂu) R interactions with
WEZ, y

. 1 Y ? W+, Z, v, and Higgs
+ (13“_ giflw" o Eﬂu)él - Vig¢) masses and

couplings

lepton and quark
—(G,L$R + G,L¢ R + hermitian conjugate). { masses and
couphng to Ihggs
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electron muon
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EXPERIMENT
http://atlas.ch
205113
12611816

%ATLAS
Date: 2012-06-18

Time: 11:97:47 CEST

Event:

E



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

_—— Congratulations to Professors :
. : . Q
€ Francois Englert & Peter Higgs . #*\ =&
.,\ ?’ for the : \ {g:.;:'
‘ QATLAS wr— P

\\‘ Higgs Press Material from ATLAS Higgs Press Material from CM$S

The ATLAS and CMS experiments at CERN congratulate Professors Francois Englert and Peter Higgs for their
pioneering work in identifying the electro-weak-symmetry-breaking mechanism. CMS and ATLAS

independently announced the discovery of a new particle on 4 July 2012, later identified as a Higgs boson,
confirming the predictions of Professors Higgs, Englert and others in seminal papers published in 1964. We
join in this celebration of the triumph of human curiosity and ingenuity.

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 hometo 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 .



The Standard Model of particle physics — ;emons | Theonised/explained
s Bosons
Quarks | Discovered

Years from concept to discovery

1880 90 190 10 20 30 40 50 60 70 80 90 2000 12

Electron e |
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Electron neutrino
Muon neutrino
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Strange
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Charm

Tau
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Gluon
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Z boson

Top

Tau neutrino

HIGGS BOSON




Modelul Standard

mass = =2.3 MeV/c* =1.275 GeVic? =173.07 GeV/c? 0 =126 GeV/c?

charge - 2/3 : ~ Lidh 0 0 H
spin = 1/2 w g 0
up charm gluon | t'?&%%ﬁ

1
=48 MeV/c* =35 MeV/c? 0
0
1

-1/3 -113

112

down strange bottom

photon |

0.511 MeV/c? 105.7 MeV/c? 1.777 GeV/c? 91.2 GeV/c?

4 \ : 4 1 0 -
112 9 = L 1
| bo

electron muon Z boson b

<2.2 eVict <0.17 MeV/c? 80.4 GeV/c* + an t | p O

° W «

1/2 pﬂ
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neutrino neutrino neutrino

LEPTONS

0 \ +1
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Fizica particulelor
elementare

1. Care sunt particulele elementare (ce
propri emasd , asarci nt el ectric
spin, ...)?

2. Cum 1 nteracihDddundeeazt ?
ob™H nem I nf or ma™H I ?

3. Cum producem particule elementare?

4, Cum detecttm particule el emen



PDG HOME  SHORTCUTS ~

The Review of Particle Physics (2023)

R.L Workman ef al. (Particle Data Group), Prog. Theor. Exp. Phys. 2022, 083C01 (2022) and 2023 update

y
A

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

Quantity

Symbol, equation

[

Value Uncertainty (ppb)

209 792 458 m s~ 1 exact

speed of light in vacuum : ! ;

Planck constant
Planck constant, reduced

electron charge magnitude
conversion constant
conversion constant

electron mass
proton mass

neutron mass
deuteron mass
unified atomic mass unit**

2 _ 1,660 539 066 60(50)x 1027 kg

permittivity of free space
permeability of Iree space

fine-structure constant

classical electron radius

(e~ Compton wavelength) /27
Bohr radius (m,clens = 00)
wavelength of 1 eV /e particle
Rydberg enerpgy

Thomson cross section

h
h=h/2n
€

hie
(tie)?

Me
Ty

My
M
u — (mass 12C atom)/12
=1/ .“-l‘“"-"2 -
po/ (4w x 10 1)

oo = 4meph? fmee? = rea?
he/(1 V)
heRoo = mee* [2(4men)2h? = moc?a® /2

ar = 87r2 /3

6.626 070 15x10 3 J s (or J /Hz)"
1.054 571 817. .. x 10731 J g
— 6.582 119 560. .. x 10722 MeV s
1.602 176 634x 10~ 19 C
197.326 080 4. .. MeV fin
0.389 379 372 1... GeV? mbarn
0.510 998 950 00(15
038.272 088 16(2¢
— 1.007 276

exact

exact®
R)x10 31 kg 0.30
1.672 621 923 69(51)x 10~ %" kg 0.31
621(53) u = 1836.152 673 43(11) m,. 0.053, 0.060

1.008 664 915 95(49) u 0.57, 0.48
0.30
0.30
0.15
0.15

0.15

0.45

0.30

0.15
exact®
1.9%10-4
0.,

8.851 187 8128(13) x10~ 12 F m !

1.000 000 000 55(15) N A2

7.207 352 5603(11)x 10~% — 1/137.035 999 084(21)t
2.817 940 3262(13)x 1071 m

3.861 592 6796(12) x 10~1* m

0.529 177 210 903(80)> 101" m

1.239 841 984... x 1075 m

13.605 693 122 994(26) eV

0.665 245 873 21(60) barn

5.788 381 8060(17)x 10~ MeV T—! 0.3

Bohr magneton

nuclear magneton

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

9.578 833 1560(29)x107 rad s—! T—!

pp = eh/2me

I
I‘”cyc

wh /B =e/m,

oye

0.31

3.152 451 258 44(96)x 10~ 14 Mev T—!
0.30

1.758 820 010 76
0.31




gravitational constant? 6.674 30(15) = 10— 11_13 kg s~ _ 2.2 % 104
= 6.708 83(15)x 10~ he (GeV /c?) 2 2.2 x 104
standard pravitational accel. 9. exact

Avogadro constant y § 140 76%10%3 mol !
Boltzmann constant 3 380 649%10- 23 T K !

. 333 Lox 1079 eV KL
molar volume, ideal gas at STP  Nak (273.15 K)/(101 325 Pa) 22.413 9¢ .. % 107 m* mol !
Wien displacement law constant & — ApaxT 2807 771955, .. % 1073 m K
Stefan-Boltzmann constant o = w2k 60k 2 5.670 374 419.. . x 1008 Wm2 K1

Fermi coupling constant® 1.166 378 7(6)x 105 GeV 2

weak-mixing angle sin B(My) (W8) 0.231 22(4)ft
W hoson mass myy #0.379(12) Cn‘\.-'_;‘r}g_

7Y hoson mass nmy 01.1876(21) GeV /¢?
strong coupling constant ag(my) (L1179(10)
7 = 3.141 592 653 580 793 238, .. e = 2. 718 281 828 459 (045 23! v = 0.577 215 664 901 532 860. . .
1in = 0.0254 m 1G=10"*T 1eV = 1.602 176 634 x 107 J (exact) KT at 300 K — [38.681 740(22)] ! eV
1A=01nm Ldyne=10"N (1 kg)c® = 5.600 588 603... x 10% eV (exact*) 0°C=27315K

ILbarn=10""m*  terg=10 717 0 =2.997 924 58 x 107 esn 1 atmosphere = 760 Torr = 101 325 Pa
¥ CODATA recommends that the unit be J JHz to stress that in h = /v the frequeney v is in eyeles /see (1z), not radians /sec.

* These are caleulated from exaet 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.

T At Q2 =0. At Q? = m%‘_,r 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)




Wfi

particle physics collisions: cross section U, E =" (humberof final stateg
SR TR (initial flux) Ht i er e
Miamplitudine de tranzi Hi e
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Feynrnan earned his Nobel for creating
these diagrams
(Courtesy Auckland University)
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Beta radioactive decay via the weak interaction
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CERN (ConseilEuropéerpour la Recherchdlucléaire1954)
IS often referred to as the European Laboratory for Particle Physics.
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A Introduction to quantum theory of fields
A Standard Model of elementary particles
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