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Konnauaep LHC
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OpAHaxo, BCe NMOHATUA TpebyroT YTOUHEHUS C COBPeMeHHOU TOYKMU

The forces in Nature

TYPE

INTENSITY OF FORCES
( DECREASING ORDER)

BINDING PARTICLE
( FIELD QUANTUM )

OCCURS IN :

STRONG NUCLEAR FORCE

~1

GLUONS (NOMASS)

ATOMIC NUCLEUS

ELECTRO -MAGNETIC FORCE

102

PHOTONS (NO MASS)

ATOMIC SHELL
ELECTROTECHNIQUE

WEAK NUCLEAR FORCE

45
10

BOSONS Z°, W+, W-
(HEAVY )

RADIOACTIVE BETA
DESINTEGRATION

GRAVITATION

10~

GRAVITONS (?)

HEAVENLY BODIES
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Co BpemMeH apeBHerpevyeckmx omnocodoB Mbl NMbiTaeMcA NMPOHUKHYTb

B rnyoOuHbl yCTpOMCTBaA MaTepum

Electron

Proton

Nucleus Neutron
Matter e
T i
A LEPTONS
All ordinary Electron neutrino Up ; Down
particles Particle with no electric Has an electric charge of Has an electric charge of minus
belong to charge, and possibly no mass; 0 phs.two—lmrds:_pmhonseoniaintwo. oone-third; protons contain one, 0
this group hiomﬂyﬁ;w@ywbody neulrons contain one neutrons contain two
These % | Muon Muon neutrino Charm Strange
particies § A heavier relative of the Created along with muons A heavier relative of the up; A heavier refative of the down;
existed just electron; it lives for two- when some particles decay 0 found in 1874 found in 1864
after the § millionths of a second
Big Bang.
Howthieyiar > | Tau Tau neutrino Top Bottom
found only 3 | Heavier still; it is extremely not yet discovered but Heavier still Heavier still; measuring
In cosmic % | unstable. It was discovered belkeved to exst 0 bollom quarks is an important
rays and %‘ in 1975 test of electroweak theory
accelerators -
Force i
particles Gluons Photons Intermediate Gravitons
These Carriers of the Particles that vector bosons Carriers of
parlwc‘f;:s strong force make up light; Carriers of the gravity
between quarks they carry the weak force
ransmit the (,-Jl‘(ttmmagm:m,
four P
fundamental 7
forces
of nature 0
although
gravilons Folt by: Felt by Felt by. Felt by
have so far quarks quarks and charged leptons quarks and leptons all particles with mass
not been
discovered The explosive release of nuclear Electricity, magnetism and chemistry Some forms of radio-activity are the All the weight we experience is the

energy is the result of the strong force

are all the results of electro-magnetic
force

result of the weak force

result of the gravitational force
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CTaHAapTHAS MoAenb Kak nepuoaudeckas Tabnuua MeHaeneesa B Mupe
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$epMUOHLL TpexX nokoneHUU obbeaUHAOTCA B nesble AybneTsl
WU npaBble CUHrNeTHl Mo cnabomy M3OTONUYECKOMY CMUHY
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OcCHOBOU NOHUMAHUA YCTPOUCTBA MUKPOMUPA ABNSETCA
CraHaaptHas Moaensb
CUNBHBLIX U 3NeKTPOoCcnNabbIx B3aUMOAEUCTBUA

Tpu 6a3oBblie ugemn

1. KanubposouHbIU XapaKTep B3aUMOAEUCTBUS
(coxpaHeHue 3apaaa B KAXAOU TOYKe)

KanubpoeouHasa rpynna SM: SU(3)_ x SU(2), x U(1),

2. Anrebpa Tokos. (V-A) ctpykrypa Toka (Fermi)

%mv,, ¥, (- o) 04 Te 0y, (- ¥) O] +he.

3. CnoHTaHHOe HapyleHue cummeTpum (MexaHusm Xurrca)



SU(3)c x SU(2), x U(1),

1 4
37 Ri_S’ l._

L,, BknrovaeT s3aumoneuctesme nons Xurrca ¢ KanubposouHsImu 6030HamMU
U (PepMUOHAMU

Yy =2Qp—-2I; = Y, =-1Y,

eR;



Yactb SM, onucbIBarowas cusbHbIe B3GUMOAEUCTBUSA, HA3LIBAETCS
KBaHTOBOU xpomoauHamukoir (KXO). Mpynna SU(3),

Locp = __1}1(”/) FUOR 4 Z Py M (Du)ij v}

KaxAabIv KBapK MOXET HaXoAMTCS
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— Oy AL — g5 fape A A pex,
., LIBETHLIX COCTOAHUAX

| A
(D,u)ij = 0ij Iy + 19 Z iflﬁ ,

OnucaHue nerkmux u TaxenbiX Me3OHOB U HYKJ1OHOB KaK 6ecLBeTHbIX
CBA3AHHLIX COCTOSAHUU NEenTOHOB U KBApKOB
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TToaTBepxaeHUe 3aBUCUMOCTU "beryllent KOHCTAHTBI" CUSBHBIX
B3AMMOAEUCTBUU OT NepeAaHHOro UMNybca
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TToaTBepxaeHUe CTPYKTYpbI B3AUMOACUCTBUS SreKTpocsiabbix 6030HOB
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HaHHbie LEP - B npupoae cylecTteyeT He 6onee Tpex nerkux HeuTpuHo
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W-Boson Mass [GeV]

TEVATRON 80.429 = 0.039
LEP2 — 80.376 £ 0.033
Average 80.398 + 0.025
v DoF: 1.1/ 1
NuTeV A 80,136 = 0.084
LEP1/SLD 80.363 = 0.032
LEP1/SLD/m, 80.360 = 0.020
80 80.2 80.4 80.6

m,, [GeV]



Camas Taxenas u3s cywecTeyrowmx Yactul (Top quark) 66101 OTKpLIT B
Fermilab 8 1995 roay konna6bopaumamu CDF nbDO

tt & p+jets candidate event

T ® 1.5 ps = Byct > mm




Ton-Kkeapk YyTb Nnerde a4pa 3050Ta, HO TOYeYHas 3remMeHTapHas

Mass
(GeV/c2)
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yactuua go 10177 cm

QUARK MASSES

175
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0.01
s %% °F ¢ b

up down strange charm bottom top

Quarks
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L, 1
£ = Dupl> = V(Igl) = $(F2,)* = 1(Gpu)?

—Aerpl - L — Ngdpp' - Q — AeURPaEas? 3
V(el) = 1ol + Ael* p2<0 /

v <(v+h—|7f;r0)/\/§> N\

+
FonctoyHosckue 6030Hbr [T ]f nepexoasT B NpOAOSibHbIE cTeneHU
cB060AbI NPUOBPETArOMX MACCHT KanMBpOBOYHLIX 6030HOB
2

D,®) = |(9, - iga 5 Wy - z'gl%BM)CID
W Ly, g, = ez aBe o, eV taB,
vt Vg3 + g7 R
Mg WiEW 4 %M%ZMZ“ + %MiAMA“ My, = %vgg . My = %v g3+g?, My=0
A = Beosby + W3sinfy,  €=0,C080, G _ g

= —Bsinfyy + W3cosbyy vz 246 GeV V2 amy






bo3oH Xurrca

EAavHcTBEHHAas He oTkpbITas YacTuua CM

Macchbl KBapKOB U JfIenTOHOB

Maccbl W n Z 6030HOB

YHUTapHoe noBeaeHue u nepeHomupyemocts CM

MH > 114 GeV un3 npambix nouckoB Ha LEP I

MH < 160 GeV 13 douta npeumn3noHHbIX NSAMEPEHNN Ha
LEP, SLD, Tevatron



TTeTnesble NONPABKU CBA3BIBAFOT MACCHI YacTUL, MyxAay coboun

1 —LEP1 and SLD
----- LEP2 and Tevatron (prel.)
68% CL

5) —

Ady g =
—0.02758+0.00035
0.02749+0.00012

-+ incl. low Q” data




CM npekpacHo cornacyercs ¢ 3KcnepumeHTom

Measurement Fit  |O™*-0™/g™e*

|
0 1 2 3

m,[GeV] 91.1875+0.0021 91.1875
,[GeV]  2.4952+0.0023  2.4957
oL [nb]  41.540+0.037  41.477

R 20.767£0.025  20.744
A 0.01714 £ 0.00095 0.01645
A(P) 0.1465+0.0032  0.1481
R, 0.21629 + 0.00066 0.21586
R, 0.1721+0.0030  0.1722
AYP 0.0992 +0.0016  0.1038
AYC 0.0707 +0.0035  0.0742
A, 0.923+0.020  0.935
A 0.670£0.027  0.668

A(SLD)  0.1513+0.0021  0.1481
sin"8P(Q,) 0.2324+0.0012  0.2314
m,, [GeV] 80.398+0.025  80.374
ry[Gevl  2.140 +0.060 2.091

m, [GeV] 1709+ 1.8 171.3




OOUHOYHOe poXAeHWe TOM-KBapKa Bnepeble HabHoAaNOCh B KOHLe
2006 - Hauane 2007 ropos B Fermilab ronstabopdtiven DO

u

antiproton

Run 213571 Evt 30280925

Tregers:
Fun 206571 Evl 30260325 1MET BeEm

W cc
oma

T scale: BB GaV . m partizle

Bins: 72 .

Mean: 2.38 g L2

Rms E.76 47 em particle at: 40.92
Mim: 0.0175 MCTet 51.01

Max: 411




CuUrHan oAUHOYHOrO TON-KBApKa 6b110 OYeHb CNOXHO BbIAENIUTDL U3 (POHOB




OcTaeTca MHOXeCTBO BOMpPOCOB

TTouemy anekTpocnabuii macwrab cTonb man NO cpaBHeHUO ¢ maccou TlnaHka?
UYro Ttakoe nokoneHue? TTouyemy MOKomneHWiA Tonbko 3?

Kakoea npupona keapk-nentoHou aHanoruu? Kak cootHocatca Apyr Apyry JIeNTOHLI U KBAPKU?
dnieMeHTapHLI NN KBAPKU U NeNTOHLI?

CylecTsyoT Sin HOBbIE KBAPKU U JIENTOHLI?

UYto onpenenser kanubposouHbie cummeTpumn? TTouemy KBAHTYHOTCA 3apsaAbl YacTUL?
CylecTByOT NiU HOBbIe KanUOpoBOYHLIE B3aUMOAencTBUA?

Yto popmupyer noteHuman nona Xurrca?

TTouemy rpasutauma ctonb cnaba? Kak ee sknrouuTth B 06lyro cxemy?

TTouemy cTonb mana KOcMonoruyeckas NOCTosHHas?

Hackonbko TouHa CPT-cummertpusa?

CylecTBy+OT SIU HOBbIE CUMMETpUU B Npupoae?

CyliecTByOT 1M AONONHUTESNbHLEIE U3MEPeHUs NPOCTPAaHCTBA-BpeMeHU?

Uto Takoe TemHas 3Heprua U TemHas marepus?



MbI 3Haem TONbKO, KaK YCTpOeHbI YyTb meHee 5% BceneHHou

7 39 DARK ENERGY : 2 3% DARK MATTER

N

3.6% INTERGALACTIC GAS
4% STARS, ETC.

L*




HanpasneHus BbIXOAA 3a pAMKU
CTaHAApTHOU moaenu

- CynepcummeTpus

- [ononHutenbHble nsmepeHus NpocTpaHCTBAa-
BpemMeHu

* Hoeas BHyTpeHHsa cTpykTypa (preon models,
technicolor, little Higgs)



CynepcummeTpus (PepMUOHHBIM CTeneHam cBoboALI CTABUT B
cooteetcTBue 6030HHbLIE cTeneHu cBoboabr U HaobopoT

Minimal particle content

J Gauge / Gaugino Sector

. Particle / Sparticle Sector

Standard Bosons Supersymmetric
Partners
Charginos
W= H: .
X K2
g Z Neutralinos
0 I1n xz“ 130 an
Gluinos
g; )
i gi
[All fermions]

[Two Higgs doublets]

And also ...

Graviton G

Gravitino G

standard Supersymmetric
Particles Partners
Leptons Sleptons
(’ ('1'?,1"
Neutrinos Sneutrinos
l"ﬁ; “ﬁ?
Quarks Squarks
q dr.1
[All scalars]




TTpouecc obpasoeaHus Napbl FAFOUHO C COOTBETCTBYHOWMUMMU
kackagaamu (Lienovkamu) pacnanos

X
-l' 1




TTonynsapHbie cueHapuu moaeneid ¢ AONONHUTENbHLIMU
U3MepeHUsSMU B NJIOCKOU U 3KCMOHEHUUANbHO CNAAalollen meTpuke

ADD cueHapum

EXTRA-DIMENSION

A
Graviton
’/

|

TTpouecchI € KaXylWmmcs HapylleHuem
3aKOHA COXPaHeHUs 3Heprun-umnynbca

RS cueHapum

Plank brane

s, raviton

Tev brane

l

TTpouecceor ¢ poxaeHuem
MACCUBHbBIX pe30HAHCOB CNUHA 2



Konnavpepor: LEP I, LEP IT, HEPA, Tevatron, LHC, ILC ...

La physique des particules étudie la matiére L'astrophysique étudie la matiére
dans ses dimensions les plus petites. dans ses dimensions les plus grandes.

». 1 Particle physics looks at matter Astrophysics looks at matter in its __
2. in its smallest dimensions. largest dimensions.

.g' } m
T G A U S ‘*'103 106 109 1012 1015 1018 192 1524 M

Microscopes r Jumelles Tel ti & radi
. . u radio
Microscopes Binoculars ' oi)fiia?)&fsr;gioiefjscopes
516 L'oeil nu. N
Acce’: érateurs Naked eye
et détecteurs ‘
Accelerators
and detectors

THE TWO FRONTIERS OF PHYSICS
LES DEUX FRONTIERES DE LA PHYSIQUE

CERN AC - Z11 - V11/5/98



7 LHC

vuaep

Konna




OcHoBHoe konbuo u aetektopbl LHC Ha rnybuHe npumepHo 70-100 m.
DHepruga cTonkHoseHW 14 T3B, uHTerpanbHaa ceeTumocTb Ao 100 b




Hetexktop CMC. CyllecTBeHHbIW BKNAA POCCUMCKOM HAYKU U MPOMBILNIEHHOCTU
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XeHera




Kapertepun LIEPHA - usnrobneHHoe mecto Ans HayYHbIX AUCKYCCUU




Control room




dunsnyeckana nporpamma uccnegosaHmm Ha LHC
ATLAS, CMS, ALICE, LHCb

HeTtanbHoe uccneposaHue pasnMYHLIX Npoueccos B CM,
cpasHeHue ¢ NLO (Next to Leading Order), NNLO sbrymucneHuamm

TTouck 6030Ha Xurrca Bo BcexX BO3IMOXHBIX MOAAX

TTouck pasnuyHbIX OTKNOHeHW OT npeackasaHu CM B NapHOM U OAUHOYHOM
poxaeHuu t-kesapka

TTouck cynepcummeTpumn (CKBApKU, FNHOUHO, CNENTOHLL,
OTNUYHbIe OT CM XUrrcosckue COCTOAHUA)

TTouck npossneHUU AONONHUTENBHLIX U3MEPEeHUU B PA3NIUYHBLIX CLieHapUax

TTouck nposeneHUU COCTABHOU CTPYKTYpLI
(o36yxaeHHbIe COCTOSHUA NEenTOHOB U KBAPKOB, HOBLIE Pe3OHAHCHI...)

TTouck apyrou 3k30TUKU (NeNTOKBAPKU, MUHU YepHbIe AbIPLL...)

UccnepnosaHue b-gpusuku, ocumnnauvm b-mesoHos u CP HapylseHue

NccneposaHue KBCIPK-I'J'II-OOHHOﬁ N1a3MbI B CTONMKHOBEHUAX TaXenbIX UOHOB



Ha LHC 6yaetr BO3SMOXHOCTb AeTAnbHO U3yYUTb NPOLIEeCChI
Ha paHHUX ctaamax BceneHHou

Historv of the Universe

MATTER DOMINATED ERA

HE UNIVERSE BECOMES TRANSPARENT

Decoupling of Formation of  (£PIH
Matter-Radiation Atoms
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