PusnkKa Ha eneMeHTapHuTe
yacTmum
Nnu
OT KakBO € HanpaBeH CBEeTbT?

L. Litov
University of Sofia

April 2006, Sofia



L. Litov Particle Physics Sofia, April 2006



CERN
Pusunka Ha efnIeMeHTapHUTe YaCTuuu

OnuTBa ce Aa OTOroBopu Ha Ha ABa ddyHOamMeHTanHM Bbhipoca

-Kon ca enemeHTapHuUTE CbCTaBsALWM HA MaTepuaTa?

-Kon ca pyHOameHTanHUTE CUnn KOHTponupaLuu
TAXHOTO noBegeHue ?
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CERN

CTpyKTypa Ha maTepusTa

L. Litov
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Animation: Elena Symeonidou
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CERN
dyHOoaMeHTarnHn Yyactuum
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CERN )
Buaoose B3aumoaeucTBus

How are the composite ohjects held together ?
by forces

The Four Fundamental Interactions
bt f_

Electromagnetic
F

All forces in the world can be
attributed to these four interactions!
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CERN
Kak ctaBaTt?

Gravity

Interaction batween two matter particles &.4. electrons

Action al adistance

2 A B
Foo — f R L
i e L

Meswtan

Force on A depends on where B is.
But how does A know whereB s 7

Interaction through Fields

Maxwell

B produces a field, characterized by a number (2/r) at every
pointin space.
Faorce on A is towards the direction in wich the number
changes fastest

A detarmines its response by "sniffing’ in its immediate
neighbourhood
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CERN n &
Kak ctaBaTt” 2
2UT - still no tangible connection between Aand B
Matter field
Forces are produced by exchange of
force or 'messenger’ particles :
Force field

Feynman:

B continually emits carriers of the zslectromagnetic force - 'photons’

Electron A absorbs the photons and recails - repulsive forcs Mattor fiold Li:"l'l:'

between the electrons.
In Quanium Field Theory DOth signs of impulse are possible.
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CERN v
NMpeHocuTenun Ha B3aumMogencTBus

What characterizes a force 7 Strength, range and source charge of the field.

Interaction Exchanged Range Relative Examples
quantum (m) Strength  In nature
{source ch)

Strong gluon 10-1% 1 proton (quarks)
cofour

Electromagnetic photon <10+ atoms
efectne

Weak W, 7 <10-7  10-° radioachvity
hyperchaige

Gravity graviton ? 10()-38 solar system
mass

Ratio of electrical to gravitational force between two protons is ~ 109G 1l
Can such different forces have the same origin 27
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CERN

CtaHpapTteH Mopgen

PROBLEM WITH MASS SCALES
Gauge Symmetry — m, = 0 i
M, =M, =0
QQK
é | M, = 8043 GeV
g@ M, = 91.19 GeV
& >

Moreover L, =-m Fr==m, (f fot Fo £

Also Forbidden by Gauge Symmetry - m=p me = 0

All Particles Massless
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CERN
CnoHTaHHO HapyLleHue Ha cMMeTpuaTa

In the SM masses are generated trough
Spontaneous Symmetry Breaking (SSB) — Higgs Mechanism

Introduce Scalar Higgs doublet = The Lagrangian is invariant
V

V2

However its vacuum state is degenerate — <Ol P 10 >=
Choice of the vacuum state — leads to SSB
SUR2). x Uy =2 U(),

Couplings with gauge bosons and fermions — induce mass terms

Price — new particle H-boson — to be discovered
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CERN

ObeaouHeHUe Ha B3anMmogencTBUsAaTa

Terrestral mechanics

Universal Gravitation

) ) Inertial vs. Gravitational mass
Celestial mechanics (. Hewton, 1687 )

Electricity

Electromagnetism
) Electromagnetic waves (photon)
Magnetism (.C. Maxwell, 1860 )

Electromagnetism

-
¥

Electroweak

Imcrmediate bosons W, 2
- Weak force
LY

(1970-83)

: Pmbm g shnrter c:llsmn ces : :

/reveals' - ==
_UNIFIED DESCRIPTIONS
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CERN

ObeaouHeHUe Ha B3anMmogencTBUsAaTa

L. Litov

10+ sec

10-= sec 107 sec

10-= m 10 m 105 m 107 m
10" GeV 10 GeV 107 Gay 1GeV 10 eV
Magnetism
QED Electro Long range
magneti sm -
Electroweak ag"ﬂmﬂ" Electrici
o [ Mode Weak Th Weak Force
> eal eory eak Force
g GI’E_.I"‘ICI Short range
Unification 75 model
Quantum QCD Nuclear Force
n G ra\nty B Short range
i E;]F’:r: Kepier Celestial
Universal . Gravity
gl ong range
Emfﬁvﬂfeﬂﬂ Terrestrial
Galilei  Gravity
Theories:
STRINGS? RELATIVISTIC/QUANTUM CLASSICAL

Particle Physics

Sofia, April 2006



CERN

CynepcumeTpus

How to unify ?

Gravity - space-time symmetry SR
Electroweak - internal symmetry Grand Unified

. Theory (GUTS)
Strong - internal symmetry

Supersymmetry — symmetry between el

bosons and fermions
Works well, but

Price to pay: many new particles!

boson
To every mediator — new fermion Higgsino
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CERN
Konko MepHO e NpocTpaHCTBO-BpeMeTo?

Two fundamental scales:
. Electroweak — Mgy, ~ 10%-10° GeV

. Planck — Mp, ~ 10'° GeV

Observation:

- Mgy is established experimentaly
-EW interactions are tested down to distances 1/Mgyy ~ 1071 cm

« Mp, is just a number
—gravity tested only down to ~ 1 mm, far away from 1/Mp, ~ 10~3% m
Solution: cut the Gordian Knot!
- There is only one fundamental scale: Mgy

- Mp is just an effective constant

. Its high value is caused by additional spatial dimentions,
compactified at radius R~ 1 mm
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Extra dimension perspectives

Models with extra dimensions can
. unify all interactions ..
. solve the hierarchy problem ‘
. link String Theory to Standard Model

. make Quantum Gravity and String Theory
accessible at LHC
like Prometeus made the divine fire accessible for people

Perhaps it is only a dream...
But | wish you and me this dream to come true!




CERN
Hazaa KkbM Havyanorto

Metaphysics Quantum Electroweak
¥ Gravity Transition
? E Quarks and Leptons Hadrnn:‘ Nuclei
31 .; ___________________________________________

-t

L=}
P
un
r

Yﬂapnlatiun
Nucleo-

© synthesis

E—l.

I
>~
L
1Y)

emperature (° K)
E—l.
|

%

sun

ke
o
|

10 10's 10% 3min 15 Billion

) ] Years
Time after Big Bang

L. Litov Particle Physics Sofia, April 2006



L. Litov Particle Physics Sofia, April 2006



CERN
Kak ro npaBum?

E Wavelength of probe radiation should be
smaller than the object to be resolved
7 he
A << — = —
P
Object Size Energy of Radiation
E Atom 1010 m 0.00001 GeV (electrons)
Nucleus 10 m 0.01 GeY (alphas)
Nucleon 10-*m 0.1 GeV (electrons)
Quarks ? > 1 GeV (electrons?)

Radioactrre sources give energies in the
range of Mey

Need accelerators for higher energies.
“electronic eyes”

L. Litov Particle Physics Sofia, April 2006



YckopeTten

Circular accelerator with
Fixed-target

o Beam particles
. Accelerating cavities .

Deflection magnets , \

Focussing magnets . l

Target

=
-
@ Farticle source N bl ’ . ll
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Circular accelerator
with colliding beams i

Beam particles

Accelerating cavities

Deflection magnets
Focussing magnets

e Particle source “ N b . ll

Animabion: Elens Symeonidou
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CERN

LHC

The Large Hadron Collider (LHC)

ATLAS

ALICE

N

LHC-B
Compact Mucon Solenoid
Beams Energy Luminosity
LEP e+ e- 200 GeV 10°2cm=s™
P P 14  TeV 10°
LHE Pb Pb 1312 TeV 102
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CERN

LHC
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" LHC: KoHTponHa 3ana

‘ : 7 -‘ A
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LHC: B TyHena
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CTpykKkTypa Ha

High Z materials
eg. lead tungstate
Lightweight Zone in which only crystals

materials v and p remain

Each layer identifies and measures (or remeasures) the
energy of particles unmeasured by the previous layer

No single detector can determine identity and
measure energies/momenta of all particles
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CERN

Kak n kakBo uasmepsame

| | | ] | | | I
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CERN

NA49 PbPDb event

NA49 Pbh-Pb 158 GeVinucleon
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CERN

CMS Detector

37 Nations, 150 Institutions, 1870 Scientists

TRACKER
%%%ﬂATA Awstria, Belgium, CERN, Findand, France,

Austria, CERN, Finland, France, Greace, Germany. llaly. Jopan’, Swenand, S eTAr ECAL
Hungary, Itaky, Korea, Paoland,

Portugal, Switzeriand, UK, L.I Belarus, CERM. China, Croatia, Cyprus, France, [taly, Japan®,

Portugal. Russia, Switzeriand, UK, USA
RETURN YOKE

Barrel: Czech Rep., Estonia, Germany, Greece, Russia
Endcap: Japan®, LUSA

PRESHOWER

Armenia, Belarus, CERN, Greeces,
India, Russia, Tamwan {PC),
Uzbekistan

SUPERCONDUCTING
MAGNET

All countries in CMS contribute
to Magnet financing in particular:
Finland, France, ltaly, Japan®,
Korea, Switzerland, USA

| . FORWARD
; CALORIMETER
Hungary, Iran, Russia, Turkey, USA

HCAL
Barred: Bulgaria, India, Spain®, USA MUON CHAMBERS
Total weight : 12500 T Endcap: Eﬂgiaafhﬁ_ Eu_-,-|g.3rili-, Russia, Ukraine Barrel: Ausiria, Bulgaria, CERN, China,
Overall diameter : 150 m HO: India Germany, Hungary, taly, Spain,
Overall length : 215 m Endcap: Belarus, Bulgaria, China, * Only through
: 4 Tesla Korea, Pakistan, Russia, USA industrial contracts

Ha?_n?_tlc field _ _ , :
. Litov Particle Physics Sofia, April 2006



CERN Codusi: MIOOHEH Teneckon
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CERN

PekoHcmpyupaHe Ha MFOOHHU csiedu
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CERN

CMS Muon system
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CERN

DAQ

H.. 40 MHz DEt?anr% . 16 Million channels
o [

COLLISION RATE 3 Gigacell buffers
Charge  Time  Pattern
100 kHz
LEVEL-1 TRIGGER
1 Megabyte EVENT DATA
1 Terabit/s 200 Gigabyte BUFFERS
(50000 DATA CHANNELS) 900 Readout memories
EVENT BUILDER. A large saitching
networ (5124512 ports) with a total throughput of
iqabi Dot tho Sourcoa (Roaeut Dusl Port Memory)
500 Glg ablt!s and the de&tiraii.:lrsun:&umd'l I =arm Inteface). 'rI?I‘w
Event Manager collects the status and reguss! o
event flters and distributes event bulding commanis

(read/clear) to BEOFMs

5 TeralPS
EVENT FILTER. it coneists o a eet of high

performancs commercial prosessos organized into many
farms convenient for an-line and offHing applicatiors.

I I I The tarm anchitecture is suck that a sirgle CPJ
- processes one event

Gigabit/s SERVICELAN | Computing services] Petabyte ARCHIVE

— fqﬂ—
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CERN

MoXxe n Taka
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CERN
3aknrJvyeHue

dunsnkarta Ha en. Yactmum e Han-: N3unckBa

»OyHoamMmeHTanHusa pasgen Ha
donsnkaTa

»CnoXHa OoT TeopeTuyHa rn. Toyka
»PasBunta ekcrnepmmeHTanHo
»CKbna

»Bb30yxaawa

T4 naea:

»HoBo 3HaHWe n pasbunpaHe Ha
cBeTa

»HoBu TexHonorun
»[ onamo yooBsosicTBue
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