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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?



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
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invarian1l da transform ari
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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)
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De unde apare masa particulelor
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The WeinbergSalam model and beyond
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The Higgs boson explainddtps://nome.cern/science/physics/hidpgson

@ATLAS

EXPERIMENT
http://atlas.ch

CERN a sarbatorit pe
4 iulie 2022

10 ani de la
descoperirea
experimentah a
bozonului Higgs
https://home.cern/e
vents/anniversary
discoveryhiggs
boson

Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:97:47 CEST

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 edub&012, 11:07:47 CEST.


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

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




mass - =2.3 MeV/c*

charge = 2/3 u

spin - 1/2

up
=4 8 MeV/c?
1/3 d
1/2 P
down

0.511 MeV/c?

- @

1/2
electron

<2.2eVic?

112 ve

electron
neutrino

=1.275 GeV/c?

charm

=95 MeV/c?

1/2

strange

105.7 MeV/c?

muon

<0.17 MeV/c*

muon
neutrino

-1/3 S

=173.07 GeV/c?

2/3 t
112 y

top

=4 18 GeV/c?

-1/3 b

1/2 g
bottom

1.777 GeVlc?

<15.5 MeV/c?

. Dr

tau
neutrino

Modelul Standard

=126 GeVic?

photon

91.2 GeV/c?

C A
Y 4 ;"
1 k A,‘

Z boson

80.4 GeV/c*

W boson




Fizica particulelor
elementare

1. Care sunt particulele elementare (ce
proprieta ilau 0 masa, sarcima electrica,
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)
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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
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virtual photon

- ig,uv
k* + ie

virtual electron
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p? —m? +ie

i

elementary process
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outgoing photon line

(k)
[aVaVaVS

internal photon line

k
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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
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W (k) j i 2 - e

g*(k) ——————— B R S u .

internal Z line

Fermion—Boson vertices: —i

—ieQey*

virtual Higgs particle
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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.

How is CERN is governed
and organised?

FOLLOW US FIND US CERN & YOU GENERAL INFORMATION
) Contactus )  Doing business with CERN ) Careers
®O© AR | s
)  CERN's neighbours ) Privacy policy
N RN & Society Foundation
ssssssssssssssssssss
. Box Partnerships

11111111111

https://home.cern/


https://home.cern/

International
Relations,

I I Romania Member States

Romania entered into direct collaboration with CERN in the early 1990s. Even before becoming a CERN member,

Romania made significant contributions to the X and experiments.

Romania became CERN’s 22nd Member State on 17 July 2016. The Institute of Atomic Physics is the funding
agency covering the Romanian participation in the CERN experiments. In the current national plan, which
started in 2016, the Romanian institutions contribute to the following experiments: ALICE, ATLAS, LHCb,

A and The participations are evaluated yearly by an International Scientific
Advisory Board. There are four national R&D institutes and six universities from six cities involved in the CERN
collaborations, with IFIN-HH being the largest stakeholder. The number of scientists and engineers involved is

over 100 and it has been increasing steadily in the last decade.
This page was last updated on 12 May, 2020

CERN contact(s): >

116 CERN users -

Experiments WLCG participation
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The Standard Model of particle physics Leptons | Theonised/explained
Bosons

Years from concept to discovery ! | Discovered
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are sunt particulele elementare (ce
proprieta ilau 0 masa, sarcin electrica,
spin, ...)?

Cum interadioneazd? - De unde

oblinem informalii?
3. Cum producem particule elementare?
4. Cum detectim particule elementare?

A Introduction to quantum theory of fields
A Standard Model of elementary particles



Din ce este constituih materia?
Din ce este compus universul?

Care este originea universulud cum a
evoluat?

De ce se compowd aFa universul?
Cum va evolua?

Modelul Standard —
raspunsul la toate intrebarile?

®



Cum acomodam in teorie masa neutrinilor?

m?

INCOMING
COSMIC RAYS

' -5 2
X solar~7x10eV~=
4 atmospheric
; el %2
ATMOSPHERE ~2x10™7eV~- :
atmospheric
- 5 i 7
~2x10™"eV*
—5..v72
solar~7x10e V=
.
(5
ZENITH ]
Ve

4

matriceade mixing aneutrinilor?




T o R : Ce este ,,dark matter”?
o% -
‘ | . | Universe Mass
¢ Composition

Visible (BaryoniQ‘Ma@r

Neutrinos

Distribution of Visible and Dark Matter
Hubble Space Telescope + Advanced

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

Free Hydrogen
4§ and Helium
4%

Dark Matter
23%

Dark Energy
72%



Pascal Pralavorio’s on Dark matter

Cosmic microwave background

Q Use this photon flux to know the composition of the Universe

= Decompose data in spherical harmonics
= Amplitude and position of “acoustic” peaks gives the composition of the Universe

Multipole moment, ¢
500 1600 1500 - 250 N ow
68.34%

‘1

A
|+ ACDM Model fits the data

| | essentially perfectly with

v DARK
Q=1 - k=0

ENERGY

o
X
==
»
c
e,
=
©
3
=
e
=
Y
Q
S
2
©
| -
@
Q
§
l—

0.2°
Angular scale

Cosmology is making precision measurements ... and
we don’t know 95% of the Universe and 85% of the matter !

P. Pralavorio Lecture on Dark Matter, 21 Nov. 2023




De ce in univers exista mal multa
materie decat antimaterie?

¢ Exista cantitati mari de materie, dar nu si dovada unor cantitati mari
de antimaterie.

\/

=)

beauty anti-beauty
BO B



