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B Kategpa AToMHa PuU3uka
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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 noBeaeHmne?
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CERN

dyHpameHTanHm yactuum B CM

Leptons m—
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each quark: @R, @5, @5 3colors
The parficic drawings arc simpilc atisfic reprosontations
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CERN -
B3zanmoaeuncreus

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

CTaHJJ,apTEH MoaAen - NpeHocuTesiun

B KTI1 — nokanHaTta nHBapuaTHOCT Ha & aeduHupa
B3auMMOOeNCTBUATA

EnekTpoMarHMTH1U B3aMMoOenCcTBuUS: Y
KBaHTOBa enekTpoanHamuKa (QED) U(1)
B CtaHoapTHUa moaen

QED + Cnabu B3anmogencreus: v, 20, W=
EnexTpocnadu B3auMOAEHCTBUSA SU2), @ U(1)y

CWIHM B3aUMOJIEHCTBUSI 8 Gluons

KBaHTOBa XpOMOAHAMMKA (QCD) SU, (3)
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CERN
CnoHTaHHO HapyLleHue Ha cMMeTpuaTa

B cranmapTHUsS MOAE Macarta ce TeHEpUpa 4pe3

CnoHTaHHO HapyIleHue Ha cumerpusTa (SSB) — gs
BbBexaa ce ckamapeH ayoner

JlaHrpaHXnaHbT € UHBAPUAHTEH

BakybMbT € U3POJIEH —

N300p Ha BakyyMm - Bojau J0 CHC

SUR2). x Uy =2 U(1),

B3auMoencTBrusATa ¢ 0030HUTE U (PEPMUOHUTE MHAYIIUPAT MACCa 3a TSIX

Ilena - HoBa wactuna H-boson — tspcu ce!!!
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CERN

dyHOoaMeHTarnHn Yyactuum

L. Litov

Feptons

neuiikinome!

netiE nolks

dunsuka Ha enneMeHTapHunTe 4YaCTtunumn B Kateagpa AToMHa Punsuka
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GREAT REWARD
STOCKHOLM




CERN

[MpoBepka Ha CM

» CunHu B3anmoaencrTauns @
v' AcumnTtoTu4Ha cBoboaa — o(Q?)
v' YabpXaHe Ha KBapkuTe — agpoHu3auns
v' HUCKO eHepreTnyHn moaenm
> EnekTpo-cnabu B3anmogencteus
v' CTpykTypa Ha cnaboto B3anmoaencteune (V-A)
v AcnmeTpus nsaBo —OSACHO
v AcnmeTpua matepusi — aHTumaTtepmua CP — HapylieHne
» HeyTtpuHHa pusnka
v' Macu Ha HeyTpuHaTa
v' Ocuunauum Ha HeyTpuHaTa
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CERN

Maca n ocumnaumm Ha HeyTPUHOTO

P R Y

AKO v umat macu, e
Bb3MOXXHO [ja ce CMecBaT
n ga ocuunupart

DELIENMGD T ectofy -
107
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CERN

NpoBepka Ha CM

» CunHu B3anmoaencrTauns @
v' AcumnTtoTu4Ha cBoboaa — o(Q?)

v' YabpXaHe Ha KBapkuTe — agpoHu3auns

v' HUCKO eHepreTnyHn moaenm
> EnekTpo-cnabu B3anmogencteus

v' CTpykTypa Ha cnaboto B3anmoaencteune (V-A)

v AcumeTpus NsaBo —AACHO NA48
v AcnmeTpua matepusi — aHTumaTtepmua CP — HapylieHne
» HeyTtpuHHa pusuka

v Macu Ha HeyTpuHaTa CHORUS MICE
v' Ocuunauum Ha HeyTpuHaTa
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CERN

NMpobnemu Ha CM
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MaTepuarnHuTte nosieta
15 ponbnHUTENHW NapamMeTbpa
3aLlo 3 NoKosieHnd

AcnmeTpus mexay nsiBo 1 AsiCHO

HapyweHune Ha CP nHBapuaHTHOCTTa T.€.
MaTepusa — aHTUMaTepusd

vV V VYV V

» Higgs — 6030H — ekcrniepMMeHTanHo
HabnaeHne

» Maccu Ha HeyTpUHOTO — cMecBaHe Ha
HEeYTPUHOTO

> Wepapxus Ha macute
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Galaxy Cluster Abell 2218
NASA, A. Fruchter and the ERO Team (STScl, ST-ECF) » STScl-PRC00-08




CERN .
EOVWHHO onucaHMe Ha B3anMogeucTBuATa

o

10+ sec 10-= sec 100 sec 10+ sec 100 sec 300000 years

10-= m 10-= m 102 m 105 m 10-2 m 102 m
10" GeV 10" Gel 10° GeV 1GeV 1 Mew 10 eV
Magnetism

QED Electro

Long range

magneti sm -
Electroweak ag"ﬂmﬂ" Electrici
DI_”“ Mode Weak Th Farmi
> ea eory Weak Force
g GI’E_.I"‘ICI Short range
Unification 75 model
Quantum QCD Nuclear Force
n Grawty B Short range
i E;]F’:r: Kepier Celestial
Universal . Gravity
gl ong range
E mgﬂﬁvﬂem Terrestrial
Galilei  Gravity
Theories:
STRINGS? RELATIVISTIC/QUANTUM CLASSICAL
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CERN

CynepcumeTpus

Kak oa ru obegnHnm?

[lpaBuTaLua - NPOCTpPaHCTBO-BpemMe GRAVITY SUPERGRAVITY
- Grand Unified
Enektpocnabu - BbTpellHa cumeTpus Theeny (6UT9 SUSY (GUTS)

Cunum - BbTPELLHA CUMETPUS

CynepcuMeTpuss — CUMETPUS Mexay
6O30HU N PEPMUOHMU

PaboTtu nobpe, HO

STRONG

SUPER QCD

LleHa: mMHOro HoBu 4Yactuuu!

Ha Bcaka dpyHOaMeHTarHa 4actmua —
napTHLOP CbC cnuH O

Ha Bceku npeHocuten — cnuH 1/2

L. Litov ®du3nka Ha eneMeHTapHUTe YacTvum B kaTegpa ATomHa dusnka Cous 11 Mai, 2006



Konko MepHO e NnpoCTPpaHCTBO — BpeMeTo?
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. unify all interactions
.- solve the hierarchy problem
. link String Theory to Standard Model

. make Quantum Gravity and String Theory
accessible at LHC
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CERN
Hazaa KkbM Havyanorto

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

EnekTpomMarHMTeH KanopumeTbp (pagmMaTtop OT OSIOBHO CTBHKII0)
AHanun3 Ha AaHHU

Monte-Carlo cumynaumm

3apsaaoBo OOMEHHN peakumm

ALpPOH AOpeHn B3aMMOL4eNCTBUS,

Pasnagu Ha 3apenenun K-mesoHn (o1 1985 1)

L)
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e
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e

*

e

*

e

*

3a npbB ce HabnoaaBaT epeKTU Ha eKpaHupaHe

Ha uUBeTa B afpOH — AApPeHU B3auMmoaencTBus
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CERN

NA48

L. Litov
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CERN

NA48 data
1907 eiemn Kok NA48: | 1997 — 2001
1998 elemn K +Kg Direct CP violation (Re(¢’/¢))
- K| decays (e.g. K}, — |Vis|)
1999 €'f& tun HiS.
K +Kg 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)
L* 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 dusnKa Ha eneMeHTapHUTe YacTuum B kKateapa ATomHa Pusika Codus 11 Maii, 2006






CERN

NA48 experiment

* WpoeHTndmrkaumnsa Ha Tuna Ha yactuuute (w, €) — HeBpoHHa mpexa — 106 $

¢ [MbnHa OTrooBOPHOCT 3a codpTyepa 3a aHanu3 U cumynauus Ha
eKkcrnepMMeHTa

» Jlngupalin no3nunm B naydaBaHETO Ha NOSYyNenTOHHM pasnaaun
¢ N3mepsaHe Ha V
» sacnenoBaHe Ha peaku pasnaaun

3a npbB ce Habnaasa pupektHo CP-HapyweHune
3a NpbB NbLT Ce HabnwapaBaTt pa3naguTe

K% > nle+e- KO > mlutu-
Han-npeunsHo namepBaHe Ha ...

L. Litov dusnKa Ha enemeHTapHUTe YacTuum B Kateapa AToMHa dusnka Codus 11 Maii, 2006









CERN

NA49

L. Litov
dun3mka Ha enemMeHTapHUTe YyacTuum B kaTteapa AToMHa dusmka Codus 11 Mait, 2006



CERN

NA49

*+OCHOBHa Lien Ha ekcrnepmMmeHTa

»HabntogeHne Ha KBapK-rnyoHHa nnasma
npu eHeprunTe Ha yckoputena SPS (20-158
A-GeV)

‘*Habop Ha gaHHK - go 2002
+* AHanNnU3 Ha JaHHW — HAKOSKO roAnHN rnoBeYye

v'KannbpoBka Ha Bpeme-nNpoeKLMOHHNTE
Kamepw

v'Habop Ha pgaHHu

v'Pa3paboTtka Ha codpTyep 1 aHanm3 Ha
OaHHW

1,< 1 fm/c

\

Freeze-Qut

QGP

L. Litov dusnka Ha enemMeHTapHUTE YacTuum B kKategpa ATomHa Pusnka
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CERN

NA49 setup

Vertex TPCs —

Main TPCs

Vertex
Magnets

ra

L
Forward ~
Calorimeter
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CERN

NA49 PbPDb event

NA49 Pbh-Pb 158 GeVinucleon

L. Litov dusnka Ha enemMeHTapH1UTe YacTuum B Kategpa ATomHa dusuka Codus 11 Mai, 2006




CERN

NA49
E"ﬂ"m- —— i::n1raIIF::-.|-HF'I:|—n'|.+I 38 rl-prM an Ce
TRy HA4g pre liminary
2t g HabrnogaBaT ACHU
Soost Bg yKasaHuga 3a npexop oT
L
oot * . CBBbP3aHO CbCTOSIHME KbM
0.0
et KBapK — rnyoHHa nnasma
npnt E=40 GeV

3a nbpBKU NbT ce Habnoaaea -
eKk30Tu4eH bapuoH | = 3/2, %%
KOWTO NpeacraBnsisa %2
CBbpP3aHO NEeTKBApPKOBO
CbCTOsIHME b

M(=x) (Gabfe’)
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CERN

CHORUS

**OCHOBHa Les1 Ha ekcnepuMeHTa
»HabnoaeHne Ha ocuunauum Ha HeYTPUHO vy 2V,
»HabnogeHne Ha v,
»W3cnegBaHe Ha ou3nKaTa Ha o4apoOBaHUTE KBAPKU
s*Habop Ha gaHHn 1994 — 1997
*» AHann3 Ha gaHHun 1, 2 rognHu oLe

v'TlopapbXkKka KU ekcnnoaTtaums Ha JeTeKkTopa
v'Pa3paboTka Ha codpTyep 1 aHanus3 Ha OaHHU

L. Litov ®du3nka Ha eneMeHTapHUTe YacTvum B kaTegpa ATomHa dusnka Cous 11 Mai, 2006



‘CHORUS

detector
Nucl. Instr. Meth A 401 (1997) 7

........
e i
¥

k- =7

.» ‘ ‘ : . L
Muon 2 o ) ol 770 kg emulsion
spectrometer oy "4 target and
Air core o A scintillating fibre
spectrometer and tracker

emulsion tracker
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CERN
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dunsuka Ha enneMeHTapHunTe 4YaCTtunumn B Kateagpa AToMHa Punsuka
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¢ HeyTpuHHa cphabpuka
* 50% vu_ 50% v, small beam systematics ... but charge required
e High energy beam small cross section systematics
e A wide variety of studies are possible: unitarity

and also: Vﬂ%l/ﬂ vﬂevf p

Atmospheric osc. silver golden bronze

CP violation

e Challenging Ongoing R&D: MICE, HARP, MERIT
CERN layout

H- linac 2 GeV, 4 MW  Accumulatg
ring + b
compreghor

A&

Longyearbyen

Magnetig
horn c?&tu I

Recirculating
Linaes 2 <> 50 GeWV

Santa Cruz
v beam to near detector -

_+7 vbeam to far detector - . ‘oMHa ¢ /ﬁ\
-

Pyhcesalmi

o Acceleration
e Global design

~——

-

2000-05-16 + Peter Gruber, CERN-P3
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CERN

HARP

ssLlen Ha ekcnepumeHTa
»VI3amepBaHe Ha cevyeHusTa 3a paxkgaHe Ha agpoHU
»>[1o-nobpo pasbmpaHe Ha NOTOKa aTMOCHEPHUN HEYTPUHO

»OnTnMmnsauus Ha paxgaHeTo Ha NMOHU 3a bbaewara HeyTpuUHHa
dhabpuka

s*Habop Ha gaHHn 2001 -2002

v'KoHCcTpyupaHe, kannbpoBka n ekcrnnoataums Ha RPC

v'Cnctema 3a KOHTPOJS Ha Ka4eCTBOTO Ha rasoBaTta cMec (YepeHKOBCKM
Bbpoaun)

v TpurepHa cuctema - ~ 100 VME akTuBHM cnnutepu
v'Habop Ha pgaHHu
v'Pa3paboTka Ha codbTyep u aHanus3 Ha JaHHK

L. Litov ®du3nka Ha eneMeHTapHUTe YacTvum B kaTegpa ATomHa dusnka Cous 11 Mai, 2006
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CERN

MICE

MICE RAL: first data 2007
cooling demonstration 2009
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CERN

CMS

L. Litov
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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 iE
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CERN

ALOpOHEeH KanopumeTbp
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CERN

HCAL uunuHapuyeH cekTop
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dusnKa Ha enemMeHTapHUTe YacTt
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CERN

HCAL cuuHTMnatopu
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T HCAL uunuHapuyHa vyacT
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CERN

HCAL — 3aTBapswia yacTt

L. Litov du Codus 11 Mait, 2006



CERN

CMS: MoOHHa cuctema

Muon System

L. Litov ®du3nka Ha eneMeHTapHUTe YacTvum B kaTegpa ATomHa dusnka Cogus 11 Mai, 2006




CERN

Resistive Plate Chambers (RPC)

Kamepu cbC

CbNnpoTuBUTEITHA NJTOCKOCT

L. Litov dusnKa Ha enemeHTapHUTe YacTuum B Kateapa AToMHa dusnka Codus 11 Maii, 2006



CERN Codums: maca 3a crnobsiBaHe Ha KamMepu CbC CbNPOTUBUTENHA
MII0CKOCT M MIOOHEH Tereckon:

L. Litov du3nka Ha eneMeHTapHUTe YacTuLM B |




CERN

PekoHcmpyupaHe Ha MFOOHHU csiedu

Epo[/] Kamepn = 4 Forward HV, =8580VHV - 8592V Trigger = Forwd 11 5[4q

N36op Ha TecToBa s
cTaHums ER1 2] 1] )M

3 CbBMECTUMMU KITbCTEpPA
B pedoeHnTe CTaHuum, o - -
TOYHO NO €NH BbB BCSIKa, m , | | | | .
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CERN

CMS Muon system
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CERN

Grid

L. Litov
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CERN
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CERN

KakBo e Grid

O World Wide Web
» NOo3BONsBa crnogensHe Ha MHpopmauus
Q Grid
» crnogensaHe Ha MHopmauud
» cnogensHe Ha
v U34YNCINTENEH pecypc
v INCKOBO NPOCTPAHCTBO (CbXpaHeHne Ha nHopmaums)
v codbTyep
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CERN
Kou cme Hue?

[ pynata no dPu3mka Ha enemMeHTapHUTE YacTmum
CbcTaB

LlaT - 6

[oktopaHtn — 10

CtyoeHTn — 5

O6wo 21 yoBeka

[Ty6nukauun — Hag 200
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