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CERN
Pusunka Ha efnIeMeHTapHUTe YaCTuuu

OnuTBa ce Aa OTOroBopu Ha Ha ABa ddyHOamMeHTanHM Bbhipoca

-Koun ca eJfieEMEeHTapHNUTE CbCTaBALLN HA MaTEPUNATA

-Kon ca pyHOameHTanHUTE CUnn KOHTponupaLuu
TAXHOTO NOBeAEHMNE
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CERN

Deeper in the matter
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CERN
dyHOoaMeHTarnHn Yyactuum
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CERN

Forces

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

CtaHpapTeH mogen

In QFT — the local invariance of . defines the interactions

Electromagnetic Interactions: Y

Quantum Electrodynamics (QED) U(1)

In the Standard Model

QED + Weak Interactions: v, Z0, W+
Electroweak Theory SUR2), ® U(l)y

Strong Interaction 8 Gluons
Quantum Chromodynamics (QCD) SU, (3)
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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

CmecBaHe Ha KBapKuTte

e

= VA fr v, —a
2sin 6, cos 6, ”;fy”[ rarlf
Flavour Conserving Neutral Current

LVCVC—N— ﬂ[Zuy (1= 7)Y, ]+Zayﬂ(l—;f5)lj]+h.c.

Flavour Changing Charged Current

u C t

Z
LNC

d s b
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EanHHO onncaHve Ha B3aMuModencTBuATa

o

L. Litov
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CERN

CynepcumeTpus

How to unify ?

Gravity - space-time symmetry SR SUPERGRAVITY
-1 Grand Unified

Electroweak !nternal symmetry A SUSY (GUTS)

Strong - internal symmetry

STRONG

Supersymmetry — symmetry between EELERRED

bosons and fermions
Works well, but

Price to pay: many new particles!

boson
To every mediator — new fermion
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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
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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”
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CERN LHC

The Large Hadron Collider (LHC)

ATLAS

ALICE

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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LHC: B TyHena
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CERN

UcTopusn

KaTto obnkHOBEHHO Mo naes Ha LiBetaH boHueB
Yyactue B ekcnepumeHta HYPERON Ha CepnyxoBckusi yckoputen - 1977
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CERN

Town Gewe npbuB!
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CERN

HYPERON
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UepeHKOBCKM MHOroKaHanHm bposiym

EnekrpomMmarHuteH KanopuMeTbp (paanatop OT OfIOBHO CTBHKIO)
AHanun3 Ha gaHHu

Monte-Carlo cumynaumm

3apsaaoBo OOMEHHN peakumm

ALPOH A4peHn B3anMOO4eUCTBUA, ePEeKTU Ha LLBETOBO eKpaHupaHe
Pasnagu Ha 3apenenun K-mesoHn (o1 1985 1)
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CERN

NA48

L. Litov
LLlo e TO oM3mnKa Ha en. YacTMLM 1 UMa NN TS NoYBa Y Hac I'yneuna, 4 Mapr, 2006



CERN

NA48 data
29948 e e imn Nt NA48: | 1997 — 2001
1998 elemn K +Kg Direct CP violation (Re(¢’/¢))
- K| decays (e.g. K}, — |Vis|)
1999 £'/€ run HiS.
L5 b NA48/1: | 2000, 2002
2000 K only 'I{rft:r:gg High-intensity run for rare K¢ decays.
sl e A Hyperon decays (2%, A) (— |V.|)
K
2001 EK”E e o Neutral Ks decays (2000)
LY s Int.
NA48/2: | 2003 — 2004
2002 KS High Intensity
Search for direct CPV in K — decays.
2005 K Hiah e Rare decays
S (Keg, K = 7rete™, K+ — atyy,...)
2004 K# High Intensity Semileptonic decays (K5 — Vi)
L. Litov LLlo e To m3mnka Ha en. 4acTMLM 1 MMa N TS MoYBa Y Hac I'yneanua, 4 Mapr, 2006



CERN

NA48 experiment

UMain detector components
“*Magnet spectrometer

» Two drift chambers before and
two after spectrometer magnet

»Momentum resolution < 1% for 20
GeV/c momentum

“sScintillator hodoscope (200 ps)
“Liquid Krypton Calorimeter

OF 3.2% @ 90MeV ®0.429%

E JE[GeV] E

*Hadron Calorimeter
“*Muon Veto system
“Beams — KO KO K*

L. Litov LLlo e To hu3MKa Ha en. YacTULM U MMa M TS NoYBA Yy HacC

Muon veto sytem

Hadron calorimeter
Liquid krypton calorimeter

Hodoscope

Drift chamber 4
Anti counter 7

Helium tank
Drift chamber 3
Magnet

Drift chamber 2
Anti counter 6

Drift chamber 1

Kevlar window

\-.

['yneunma, 4 Mapr, 2006







CERN

NA48 experiment

4
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CERN

New NA48 results
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CERN

Ke3 form factors

K, — mev form factors - 1999 data

DATA/MC

»5.6 million reconstructed events 16 p

> Result for pure vector interaction 15F al
A,=0.0288 + 0.0005,,+ 0.0011,

»Pesult for 3-parameter fit:

PDG(2004) :

A.=0.0284+0.0007£0.0013 A.=0.0291+0.0018

| fS =0.0157 0 £0.0012 || /s < 0.04
1. £
’ “*No evidence for scalar

and tensor couplings!
| fT =0.057 5 £0.03 | fT I<0.23

f .0 f.o
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CERN

KO - mevy
s*Data analysis
> Tight selection in order to
suppress background from o
K,., K., and
K.; + accidental photon RIEY
@ NA31
»>Selected events:
19000 : Ky
- ® Doncel, FFS
5.6 million : K, &
B ChPT O(p*)
Gasser et al.

‘\\IIlIIIIlIIII | I | 11 i Er) 5 A \Il
0875 0.9 0925 0.95 0975 1 1.025 1.05 1.075

Result: BR(K 3, , 20°, 30 MeV)/BR(K .3)

I'(K,,,.E,>30MeV,0,,>20)
I'(K,,)

= (0.964 % 0.008792)%

“+Good agreement with theory predictions!
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Determination of V.

L. Litov

Measurement
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CERN OnpedensHe Ha (a0-a2) om pasnada

K==t rnn°

D,Ba npoueca gasat NMpPMHOC KbM TO3U pasnaj.
[unpekTeH pasnag Ha ...
lNoBTOpPHO pa3cenBaHe Ha 3apefeHnTe NUOHN

]!
(1) -
E'{' ;
Rr -+ :n:.:_l. ke

u=2M, (M, /3 - E* , /M,
dI/dm__ oc | M + M

JLI%

=
=)

N. Cabibbo, hep-ph/0405001 Phys. Rev.Lett. 93, 121801 (2004) one loop calculation
N. Cabibboand G. Isidori, hep-ph/0502130 Phys. Rev.Lett, 93, 121801 (2005) twoloops
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CERN

0.04
0.02
0
-0.02
-0.04

A

002

-0.02

Pesyrimam

= #*One-loop exchange @ X'/ndf = 420.1 / 148
%ﬁﬁﬂﬁ#ﬂ ----- et #+ ﬁ-H; ++*|=F+H#++ R kg i Lﬁ“ﬁ#‘-‘#&wﬂ#ﬂ'—ﬂwﬁrﬂ
=Sa | | I | | I
0.075 0.08 0.085 0.09 0.095
b) x./ndf = 1564.8 / 146
E{Hﬂ#f - #;++++#¢3‘p+ m'g St e B e
. | . |
0.075 0.08 0.085 0.09 0.095
- Includl ', atom s C) X'/ndf =149.1 /145
%lHﬁJr#ﬁ 1:er Heby ﬁ#ﬁ:ﬁ# EFL +injr1 #%ﬁl- gt ++_|*ﬂ PR .
| . | . |
0.075 0. DB 0.085 0.09 0.095

(a0 — a2)m+ = 0.264  0.006 (stat.) £ 0.004 (syst.) £ 0.013 (ext.).

B cbrnacue ¢ TeopeTM4HOTO npeackasaHue:

L. Litov

(ao—a2)m.= 0.265 +0.004 (Colangelo2001)
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CERN

NA49

L. Litov
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CERN

NA49

“*Main goal of the experiment

»Search for signatures of quark — gluon plasma at SPS
energies (20-158 A-GeV)

s*Data taking - till 2002
“*Data analysis — several years more

»University of Sofia
v'2 physicists 2 PhD student
v'dE/dx calibration of TPC
v’ Experiment running
v'Software development and Data analysis
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CERN

KBapk-rnyoHHa nnasma

Freeze-Out At Tto Ten Te
1"} s g

soft physics
regime
GP,
T, < 1 fml/c
° 1 hard (high-p.) probis
& S z
(o)
&% %

Chemical freezeout (T, < T,): inelastic scattering ceases
Kinetic freeze-out (T;, < T, ): elastic scattering ceases




CERN

NA49

4

)

» The aim:

» To localize and investigate the properties of the transition region from
confined matter to quark gluon plasma

Existing data suggest — transition take place at low SPS energies
For this purpose:

Energy dependence of hadronic observables

System size dependence of hadronic observables

Investigation of event to event fluctuations (charge , mean p,)
Better understanding of pp and pA interactions

L)
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“*Experimental setup
»(Good momentum resolution
»@Good two track resolution — huge number of tracks in AA collisions
»@Good particle identification
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NA49 setup

o 13m - TOF-GL

VERTEX MAGNETS
WTX-2

o Pive % : JTIH

VTPC [\ [NVTPC2 ——
/ \ ! \ 4\ RCAL  COLL  VCAL
MTPC-R 2

]
PESTOF-R \
PESTOF-L

e Large acceptance hadron detector
e Three different target stations
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CERN

NA49 PbPDb event

NA49 Pbh-Pb 158 GeVinucleon
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CERN

NA49 Particle Identification
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CERN

Energy dependence — K, A
v 25 = 025 . .
ER | § [y 0 W5 U R K/m ratio as function of s
BRI N SEIAY Dl s f Vo K-/m- ratio — monotonic
- .
b L ERNT A" [' K+*/m* ratio — reach maximum
: fo o . MR at 30 -40 GeV
o Wl R e A T The same for A/x ration
sk fa o 0 E
[ Oa « 0 s i
EI: IDE'Ij 1 1 1 | 1 1 1 .|=-I |:I:I 1 I’éal L1l 11 | | | I | | | | |
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L. Litov LLlo e To hU3mMKa Ha en. YacTVULM 1 UMa NI TS MoYBa Y HaC ['yneunna, 4 Mapr, 2006



CERN

IIpenu3nu n3MepBaHus

L. Litov

['omsima cTaTucTUKa
p+p — 5 MJIH. CHOUTHS
p+C — 0.5 MmaH. cbOUTHS

['ossiMo TToKpUTHE Ha (PA30BOTO MIPOCTPAHCTBO
mo X, 0+0.55(3a T B p+p 10 0.85)

mo p. 0+ 2 GeV/c (orpaHu4eHHETO € OT
CTAaTUCTHKATA)

Majka cucteMaTuyHa HEOMPEACTICHOCT
2% B p+p
3.5% B p+C
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CERN
MHBapuaHTHU ceYveHus

T 10°E X 10°E ¢ =i
> En @ PP — 2 ) Pp—m
Q L X = 0.0 s x-=0.0
S = Xt =0.05 s Xt =0.05
E 10E xg = 0.1 10 %o xg = 0.1
= - xt=0.15 2 A xt=0.15
X2 835 5 A\ XFZ 025
xe = 0. N = (.
xe = 0.3 AR xg =03
1t e 1 - s
5 F=0. F=0.
: Xt = 0.55 Xt = 0.55
- xt = 0185
-
107F 10" N
: B\
10°F 107 F
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CMS
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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
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CBpbxnpoBoasL, MarHUT

Field in Tesla
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CBpbXxnpoBoOAsLY, MarHUT
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HCAL overview
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HCAL barrel wedge
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HCAL Scintillators
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HCAL — 3aTBapswia yacTt
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Muon System
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Resistive Plate Chambers (RPC)

Resistive Plate

Chambers
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RPC - Principle of Action

GUITEN
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Main Barrel RPC Types

Length: 2.455 m

Width: 1.5, 2.0,2.5m
RB4  Pitch: 40.8, 40.6, 41.0 mm
# Strips for Gap: 48, 36, 48, 60

Width: 1.48 m
Pitch: 34.8 mm
# Strips for Gap: 42

Width: 1.5,2.0,2.5m
Ak Pitch: 27.3,29.3 mm
# Strips for Gap: 84, 90

RB3

Width: 1.5,2.0,2.5m
Pitch: 22.7, 24.3 mm
# Strips for Gap: 84, 90
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CERN

TecToB cTeH B bapu
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CERN Codums: maca 3a crnobsiBaHe Ha KamMepu CbC CbNPOTUBUTENHA
MNSIOCKOCT U MIOOHEH Terneckon
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CERN Codusi: MIOOHEH Teneckon
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PekoHcmpyupaHe Ha MFOOHHU csiedu
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ISR RPC storage and test area
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Installation of DT and RPC

At ISR

Coupling RPC to DT

Fast test

Transportation to SX5( CMS surface hall)

At SX5
Installation in the CMS Detector
Started in June
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CMS Muon system
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RPC

Current fluctuatians due to gamma source

—e— I mon Up
—— | mon Down
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CERN

GRID
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CERN

Huso 0

~40Gb/sec

Huso 1
\;2.5 Gb/sec
Hueo 3
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CERN
Kou cme Hue?

[ pynata no dPu3mka Ha enemMeHTapHUTE YacTmum

CbcTaB
Hou. Jleanabp Jlntos
[ou. PymeH LleHoB
Hou. Anmuntbp Kones
Crt. ac. CtosaH CTOMHEB
®duns. lNenyo lNeTkoB

[oktopaHtn — 10

CtygoeHtn — 4

O6wwo 19 yoBeka
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[loHAKoOra e TpygHoO

CERN
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CERN

MoXxe n Taka

L. Litov



NOHAKOra ce BecesyinMm




CERN

bbaelle

Cetno!l!

L. Litov LLlo e To cbr3mnKa Ha en. YacTULM 1 UMa Nn TS NoYBa y Hac ['yneunua, 4 Mapr, 2006



CERN

Conclusions

Particle Physics is most: Requires
»Fundamental branch of physics
» Theoretically complicated

» Experimentally developed
»Expensive

» Exciting

Particle Physics gives:

»New knowledge and understanding
of the World

»New technologies
»Great pleasure
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