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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?
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Care sunt elementeledin care esteconstituita materia?

By convention there iscolor,
by convention sweetness,
by convention bitterness,
but in reality there are
atoms and space.

Democritus 400 BC

Periodic Table
W =7 : of the Elements

c) Andy Brice 1998

* Lanthanide
Series

- Actinde
Series

Mendeleev, 186C




Scurt Istoric
sfarfAtul secolului XIX:
A mecanica clasica;
A electromagnetism;
A termodinamica.

inceputul secolulul XX:

(mecanica Newtoniana nu poate fi folosit a la viteze foarte
mairi)

(fizica clasica nu poate fi folosit a la nivel microscopic o
e.g. pentru descrierea atomilor f moleculelor, a interacliei cu campul electromagnetic etc.)



Ce leqi folosim? Ce mecani@ folosim?

Legea atradiei universale

Legile de miftare ale lul
Newton d mecanica clasia




Mecanica mic
clasica '

repede

Mecanica
relativist a




Campul electromagnetic casistemfizic

Fenomenele Fenomenele Fenomenelegate Fenomene electromagnetice
electrostaticii 8 magnetostaticii § de curentii electrici Cu variatia rapida in timp

Fenomene
_ optice
Campul electromagnetic casistem fizic
CONCEPTUL DE SARCINA ELECTRICA

ELECTRODINAMICA CLASICA

QED 06 Quantum
Electrodynamics

EORIA RELATIVITATII
RESTRINSE

ELECTRODINAMICA

CUANTICA

TEORII DE ETALONARE (NE)ABELIENE




Atomii

Atomii :
- protoni A neutroni Tn nucleu
- electron

Sunt protonii A
neutronii particule
elementare?

neutron



Fizica particulelor
elementare

1. Care sunt particulele elementare (ce
proprieta ilau 0 masa, sarcina electrica,
spin, ...)7?

2. Cum interadioneaza?

3. Cum producem particule elementare?

4. Cum detectim particule elementare?



Dirac — particula - antiparticula

sarcina electrica
de semn opus

APereche electrospositron crea# din fotoni intr-o cames cu bule.

AEnergia fotonului este transformad in
Anaterie # anti-materie.

AEnergiaH impulsul se conseré (dar nuf masa de repaus)




Yukawa — 1934

Ce tine si neutronii in nucleul?

INTERAC §IA TARE

A De ce nu o experimerdm Tn viala de zi
Cu zi?

aclioneaza la distane scurte



Protonii s1 neutronii — modelul cuarcilor (1964)

(sarcina +1) neutron (sarcina 0)

Ul d,
d

u - cuarcul upd sarcim electrica + 2/3
d - cuarcul downd sarcima electrica - 1/3




Structura materiei (astazi!)

) electron
<10"°cm

proton
(neutron)

nucleus

an-8 ~10""2cm — o
atom~10 "cm ~10"3cm




Cuarci H culorile e S

chromodynamics
Fiecare cuarc poate avea 8 alorio

up down
+2/3 -1/3

Cuarcii se combirain aFh fel incat«f or meze particule aincolored (.
-Barioni (3 cuarci qqq rofl + verde+ albastru= alb)

interadia tare
- Olipetted
cuarcii in stri
legate-

-Mezoni (cuarc-anticuarc qgbaj



PDG 0 Particle Data Group

STRANGE

MESONS
IYE
Ifg
KD
Kt
K} (800)°
K4(800)+
K¢(1430)°
K#(1430)t
K(1460)°
K(1460)T
K (1830)"
K(1830$)t+
K}(1950)"
R(1950)F
K*(802)°
K*(go2)t
Kq(1270)°
Kq(1270)+
Kq(1400)°
K1(1400)
K*(1410)
K*(1410)
K1(1650)°
K1(1650)T
“*168017

+
]
+

130
al0

311

a21
9000311*
9000321*

10311
10321
100311
100521
0010311*
9010321*%
0020311*
9020321"°
313

323
10313
10323
20313
20323
100313
100323
0000313"%
9000323%
2031 ¢

CHARMED

MESONS

D} (2400) T
D{(2400)°
D* (20100t
D*(2007)%
Dy(24200t
Dy(24201°
Dy(H)t
D1(2430)°
D} (2460)F
D3(2460)°
D¥
D¥(2317)+
Dt
Dq0(2536)F
Dgq(24607T
D:EEEST:}}"‘

BOTTOM
MESONS
BE]
B+
By®
#t
By
B*0

411
421
10411

10421
413
423

10413

10423

20413

20423
415
425
431

10431
433

10433

20433
435

cc MESONS

ne(15)
xeo(1F)
1e(25)
J/(1S)
he(1F)
Xel(1F)
25
P 3TT0)
il 40410 )
(4160}
i(4415)
xe2(1P)
xc2(2P)

441
10441
100441
443
10443
20443
100443
30443
9000443
9010443
9020443
445

100445*

bb MESONS

pl1S5)
Yol 1F)
Rl 25
xeol2F)
Mn(35)
xpo(3 )
ri{1s)
he(1F)
vp1(1F)
H(1D)

100551
110551
200551
210551

[
o Em Im En
Lo W

[

[ I
— =

f—
cmoCm Cm

[y |
[y |

LIGHT
BARYONS
P am2
n 2112
ATt 2294
At 2214
AY 2114
A 1114

STRANGE
BARYONS
A 3122
3222
3212
3112
32244
32144
31144
3322
3312
33244
33144
3334

e [y Ty Ty
]

CHARMED
BARYONS
/ 4122
4222
4212
4112
4224

BOTTOM
BARYONS
: 5122
5112
5212
5222
5114
5214
5224
5132
5232
5312
5322
5314
5324
5332
5334
5142
5242
5412
5422
5414
5424
5342
5432




Universul este alcatuit numai din cuarci s1 electroni?

Exista si neutrini!

Electronul, protonul f neutronul suntrari!
Pentru fiecare dintre ei, exigtl billion neutrini.

Neutrinii sunt cele mai abundente particule ale materiei in univers.

nnnnnnnnnnnnn 1 Cm

nnnnnnnnnnnnnn
nnnnnnnnnnnn
nnnnnnnnnnnnn
nnn nn nn nnnnnnNn

\4
nn nn n nnn nnnnnNN
nn nn n nnn nnnnnNNN 1 C

P »
< »

Neutrinii sunt peste tot.

In fiecare cm3 al spdilui
sunt ~300 neutrini
de laBig Bang




Abschrift/15.12.5 ™

Offener Brief an die Grunpe der Radioaktiven bel der
Gauvereins-Tagung zu Tibingen.

Dezintegrarea 3 ae

Physikalisches Institut
der Eidg. Technischen Hochschule Zirich, Le Des. 1930
Zarich Cloriastrasse

Iiebe Radiocaktive Damen und Herren,
1 - i Wie der Ueberbringer dieser Zeilen, den ich huldvollst
a_ n Ive u CuarCI Ior u e- i i ansuhtren bitte, Ihnen des niheren auseinandersetsen wird, bin ich
' e angesichts der "falschen" Statistik der Ne und Li-6 Kerne, sowie
des kontinuierlichen beta-Spektrums auf cinen versweifelten Ausweg

verfallen um den "Wechselsats" (1) der Statistik und den Energlesats
su retten. MNhmlich die Moglichkeit, es kbnnten elektrisch neutrale

W.Pauli - 1930

GO

15 min
O9hdn — P

Un neutron se dezintegreaazin 15 minute.

interacli e &8 1 a

QFD 06 Quantum flavordynamics




Tipuri de interactie

Eldctromaadnetica
masa

Tare

L Weinberg-Sala)

Slaba



Cine mediaza interactle?

bozonii

QED 6 Quantum
Electrodynamics

Electromagnetica

- fotonul

1),

xég, Lo QFD 6 Quantum
PR X flavordynamics
Tare

Slaba

gluonii

W+, W, Z
QCD 0 Quantum
chromodynamics



Fundamental Forces
http://hyperphysics.phy-astr.gsu.edu/hbase/Forces/funfor.html

T
Strength Range (m) Particle

Force which
gluons.,

holds nucleus ‘l “]-15
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3 FAMILH (ASTAZI!)

prima generdie a doua generaie a treia generdie

mat er i Bhuitdo b i radialie cosmica acceleratori

cele 3 geneliadifera prin mas!



Three Generations
of Matter (Fermions)
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Particle Hierarchy

Diminishing Scale

Nt

Sub-Atomic
Particles

Elementary
Particles

Molecules

Nucleus
with
Electrons

Protons
and Nucleons

Neutrons

Fermions
Leptons

Quarks

Bosons

Gluons

Muons

and many others

Mass (giga-electron-volts)

FERMIONS* BOSONS
First Second Third \
Generation Generation Generation

10°
Top quark Higgs

t L

10* Bottom quark

Charm quark

10° e 3

Tau

’ Strange quark
107
Muon
Down quark
107
Up quark
107 )
Electron
10
M A TR T N T NSRS
109 BOSONS
Muon- -)
neutrino Tau- ) Photon
10°**  Electron- J neutrino
neutrino . Gluon

J

10-12




numar barionic B

numar leptonic L (L, L, L,)

Weak ,'f__" agnetic
(Electrows R
Carried | |
gy Graviton Photon Gluon
(not yet observed) |
' ‘

—Uuarlis and Quarks

harqod I.eptonl A
Mw and Gluons

interaclie slaba interaclie tare (cuarcii)
(cuarcii | leptonii)



procese de creardd

anihilare a particulelor




Mecanica

cuantica
Teorie de camp
Mecanica
relativist a
Modelul
Standard #
extensi

Teoril de etalonare




Schend teoretica: de la simetrii spalio-temporale la
particule elementare H interaclii

Simetrii spalio-temporale grup LORENTZ

simetril interne Grup de etalonare

purtatori o funclii ale

campuri fizice Eamee———— reprezentarilor ireductibile
ale grupului LORENTZ

particule elementare R ae————— CUantificare

dinamica
(LAGRANGIAN )

interaclii fundamentale R ——————

invarianl da transform ari
locale de etalonare



Lagrangian 8 Glashow-Weinberg-Salam (interaclie electro-slaba)
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Feynman — diagrame si reguli

e_
Feynman earned his Nobel for creating
e- these diagrams

(Courtesy Auckland University)



teorie?

1n

A

De unde apare masa particulelor

3|

W-, Z d au ma
- rezulta

W+,

fararupere spontami

de simetrie

rupere spontaid de simetrie



Higgs

eutring itrino

electron ng 0 muon neu U 0



Congratulations to Professors

Francois Englert & Peter Higgs
th

Higgs Press Material from CMS

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 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 .




The Standard Model of particle physics Leptons | Theorised/explained
Bosons
Quarks | Discovered

Years from concept to discovery

1880 90 1900 10 20 30 40 50 60 70 80 90 2000 12
Electron | |
Photon
Muon
Electron neutnino

Muon neutrino

Gluon

W boson

Z boson

Tau neutnno

HIGGS BOSON
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mass
charge

spin

Standard Model of Elementary Particles

interactions / force carriers

three generations of matter
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=91.19 GeV/c?
0
1

Z° boson

=80.39 GeV/c?
1

LW

W+* boson
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Fizica particulelor
elementare

1. Care sunt particulele elementare (ce
proprieta ilau 0 masa, sarcira electric,
spin, ...)?

2. Cum interadioneaza? - De unde
oblinem informalii?

3. Cum producem particule elementare?

4. Cum detectim particule elementare?



PDG HOME  SHORTCUTS -

The Review of Particle Physics (2023)

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

[

Gauge & Higgs Bosons Quarks



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

Quantity

Symbol, equation

Value

Uncertainty (ppb)

speed of hght 1n vacuum
I’lanck constant
I’lanck constant, reduced

electron charge magnitude
conversion constant
conversion constant

[
h
h=h/2r
€

e
(he)?

200 792 458 m s 1

6.626 070 15x10 3 1 5 (or J/Hz)"

1.054 571 817...x 10731 J g

— 6.582 119 569. .. x 10722 MeV s

1.602 176 63410719 C
197.326 980 4. .. MeV fn

0.380 379 372 1... GeV? mbarn

exact
exact
exact”®
exact®
exact
exact®
exact®

electron mass
[}I'Ut-l'.}Il INAass

neutron mass
deuteron mass
unified atomic mass nnit**

M
mp

L
g
u = (mass 12C atom)/12

0.510 998 950 00(15) MeV /¢ — 9.109 383 7015(28)x10 31 kg 0.30

938.272 088 16(29) MeV /2

1.672 621 923 69(51)x 10~ %" kg 0.31

= 1.007 276 466 621(53) u = 1836.152 673 43(11) m, 0.053, 0.060

039.565 420 52(54) MeV /¢?
1875.612 942 57(57) MeV /¢?

1.008 664 915 95(49) u  0.57, 0.48

0.30

031.494 102 42(28) MeV /¢? = 1.660 539 066 60(50)x 10727 kg (.30

permittivity of free space
permeability of [ree space

e =1/ fige?
po/ (47 x 10°7)

8.854 187 8128(13) x10 2 F m !

1.000 000 000 55(15) N A2

0.15
0.15

fine-structure constant

classical electron radius

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

a = e? [Ameyhc

Te = €2 ,f4?rﬁump_rf‘3

Xe = hfmec = rea™!

Qoo = 4meph? /mee® = roa™

he/(1 eV)

2

7.207 352 5693(11)x 10—3 = 1/137.035 999 084(21)} 0.15

2.817 940 3262(13)x10~'° m
3.861 592 6796(12)x 10~ m

0.529 177 210 903(80)x 1019 m

1.239 841 984... x 107 % m

0.45
0.30
0.15
exact®

heRo, = mee? [2(4men)?h? = moc?a? /2 13.605 693 122 994(26) eV 1.9x10—3
o = 8wr2 /3 0.665 245 873 21(60) barn 0.91
5.788 381 8060(17)x 10~ 11 MeV T—! 0.3
3.152 451 258 44(96) <10~ 14 MeV T—! 0.31
1.758 820 010 76(53)x 10" rad s ' T ! 0.30
9.578 833 1560(29)x107 rad s~ T~ 0.31

Thomson eross section

pp = eh/2m.
pnN = eh/2my,

cleetron eyclotron freq. /field “:ycl /B =e¢efm,

Bohr magneton
nuclear magneton

proton eyclotron freq. /ficld tufwljﬁ = e/my




pravitational constant

standard pgravitational accel.

6.674 30(15)x 101! IIJIH kg~ ls2
— 6.708 83(15) %107 he (GeV /c?) 2
9.806 65 m s 2

2.2 x 104
2.2 x 104

exact

Avogadro eonstant N4
Boltzmann constant I

molar volume, ideal gas at ST Nqk (273.15 K) /(101 325 Pa)
Wien displacement law constant b — Apaxd
Stelan-Boltzmann constant o = w2k [60R*e?

6.022 140 76x10%3 mol !
1.380 649x10 % J K1

8.617 333 262... x 1077 eV K~1
99413 969 54. .. % 103 m? mol !
2.807 771 955, .. x 107¥ m K
5670374419, .. x 10 ¥ Wm 2 K4

exact
exact
exact®
exact®
exact”®
exact®

Gp/(he)?

weak-mixing angle singﬁﬂ Mz) (MS)
W+ boson mass My

Z% hoson mass miy

strong coupling constant g(my)

Fermi coupling constantH

1.166 378 7(6)x 105 GeV—2
0.231 22()ft
80.379(12) GeV /¢?
01.1876(21) GeV /c?
0.1179(10)

510

1.7 % 10°
1.5 % 10°
2.3 % 107
8.5 % 108

7 = 3.141 592 653 580 793 238, ..
1in = 0.0254 m
1 A=0.1nm

_ 2
1 barn = 10728 2

e = 2.718 281 828 459 045 235. ..
1G=107%T 1eV = 1.602 176 634 x 107 J (exact)
1 dyne = 10" N
1 erg = 10 71

v = 0L5TT 215 664 901 532 860. ..

KT at 300 K — [38.681 740(22)] ! eV
(1 ke)e? = 5.600 588 603 ... x 107 eV (exact®) 0 °C=273.15K
1 C = 2.997 924 58 % 10" csu 1 atmosphere = 760 Torr = 101 325 Pa

P CODATA recommends that the unit be J/Hz to stress that in b = E/v the frequency v is in cyeles/see (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.

P AL Q% =0. At Q% = m], the value is ~ 1/128.

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

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

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




2. De unde obtinem informati1 despre particule?

¢ clocniri
& dezintegrari

& stari legate

Simulation of a particle collision in which a Higgs boson is produced (Image: Lucas
Taylor/CMS)




Wfi

particle physics collisions: cross sectiofy, fnitial fiuy)
INnitia ux

ciocniri: sediune eficace de Tmpa tiere

(humberof final stateg

M & amplitudine de tranziie

1
2w(s, m}, m3)

e d ; r ! ! !
Jq ((25)3 0. (pi* — miz)) @m)*o(py + - + P — Py — P2)

[<b1(P1) .. ()| Tlas (p1)as(p2)> 1%

Oio(a +a; 5By + o +by) =

dezinteguari: rata de dezintegrare

1
dT(@(p) = by (p}) + + bul(pi) = 5 - L DD

1 el by () b Tl

l=1



Cum 1nteractioneaza’

." |:i‘—’-’_:'w ———'

—30,950,95 — 95 f 090,05 — 195 F " ghasgags +
Lig? (7 "(1])(1“ + GURGe +9 [140,GoGhgt — O, W, Wy ~
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Feynman — diagrame si reguli

e-
Feynman earned his Nobel for creating
(S these diagrams

(Courtesy Auckland University)




Feynman d diagrame H reguli
Electrodinamic a cuantica

electron in initial state

u(p)

electron in final state

u(p)

positron in initial state

v(q)

positron in final state

v(q)

photon in initial state

El‘

incoming electron line

e (p)

——

outgoing electron line
e (p)

- ———

outgoing electron line

e*(9)

—

incoming electron line

e*(q)

—_—

incoming photon line

(k)
e AYAYAY

photon in final state
eh*

virtual photon

- ig,uv
k* + ie

virtual electron

p+m
p? —m? +ie

i

elementary process

iey*

outgoing photon line

(k)
[aVaVaVS

internal photon line

k
L AVAVAVE)

7] v

internal electron line




Feynman — diagrame si reguli

W~ initial state incoming W line
W(k)

&(k) ——————

W in final state outgoing W line Z in initial (final) state external Z line

W~ (k)

£*(k) - #(l) (%)

W+ in initial state outgoing W line Higgs particle in initial (final) state

W (k)
(k) ———————
W+ in final state incoming W line virtual W boson internal W line
Wi(k)

W (k) j i 2 - e

g*(k) ——————— B R S u .

internal Z line

Fermion—Boson vertices: —i

—ieQey*

virtual Higgs particle

1- —
Ty 25 _ sin? Sway“} j k* —m? + ie

. e
*]sinswcos.%{ 3¥ 2




Feynman — diagrame si reguli

neutron pr oton

u—b—u
d

Sarcina electrié
se conserd la
fiecare vertex




Feynman — diagrame si reguli

—1

\/5 sin v

matriceade mixing acuarcilor
(CabibbodKobayashioMaskawa)

_iﬁ ‘ ?“1 _2?5

sin Jy




... H mai multe!
Teoria perturbaliilor & coredii
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3. Cum producem particule elementare?

¢ metode simple pentru electroni, protoni (e.g. ionizari)
% radiatii cosmice
& reactori nucleari

& acceleratori de particule
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CERN (ConseilEuropéerpour la Recherchdlucléaire1954)
IS often referred to as the European Laboratory for Particle Physics.

https://home.cern/




