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Three Generations
of Matter (Fermions)
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CUMMETPUN

bHOCTU (CTO) Mbl cyLLEeCTBYEM
N (NJIOCKOM)

CornacHo CneuuanbHon Teopun OTHOCK
B YETbIPEX-MEpPHOM (3+1) NpocTpaHCTBE-BPEM

OnucaHue pnsnveckon peasibHOCTU O0IKHO Obl

1. IHBapMaHTHbIM OTHOCUTENIbHO COBUIOB B I
-> 3aKOH COXpaHeHWA 3HepPrun-nMnyJs
2. VlHBapmaHTHbIM OTHOCUTESb
-> 3aKOH coxpaHeHuA

-BpeMeH

B MPOCTpaHCTBEe-BpEe
YyecTBa OBMXXEHUA (YrnoBoro

1. IHBapuaHTHbIM OTHOCUTENBLHO caBuUra goasbl BOJIHOBOU (PYHKLNN
4acTMLIbl -> 3aKOH 3NIEKTPUYECKOro 3apAaa rB3) U(1)

2. VHBapvaHTHbLIM OTHOCUTESNIbHO BpaLlE aHCTBE «LIBETOB
KBApPKOB -> 3aKOH COXpPaHEHWU > 3apAana (CunbH B3) SU(

3. VIHBapnaHTHOCTb OTHOCUT LLIEHMW B NPOCTPAHCTBE N30CMNUH
-> 3aKOH COXpaHeHMA N30C (Cnab B3) SU(2)

Ha



Quantum Numbers of Matter

doublets
> Quarks
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UR = UPp
V-A currents
DR = dOW"R in weak
interactions
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ONEKTPOMArHnTHbIe B3aMOOENCTBUA

1. OcyuwecTBnAOTCA NYyTEM OOMEHA
nonA -go0TOHOM

dHTOM 3J1IEKTPOMArHMTHOro

2. OJIEKTPOMaArHMTHOE rosie onucbiBaeTcA ypaBHEHNEM
MakcBenna

IR0, — 0, A,

1. 3apAXeHHble YacTuLlbl (KBapKu 1 NIenoTbl) ONMUCLIBAOTC
ypaBHeHeMm [lnpaka

(0 —m —eA)p =0 0 =~"d,
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Emitted photon
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Absorbed photon
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Flying photon
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Emitted electron (absorbed positron)
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Interaction between electron, positrons and photons

Absorption of a photon Emission of a photon e+e— Annihilation
by an electron by an electron

eYM QYM eYM

All physical processes in Quantum Electrodynamics can be
constructed from these elements like LEGO structures




Amplitudes of probability = M

Probability = IMI2

Compton Scattering Mueller Scattering Annihilation
| P
0 P
Vochcﬁ (p+m)[3py povo8 € gu\/

— W . — v
2 VaYaBV[S( ! g) )pr povo

P -m’ p



N = Flux ®o
| |

Cross-section

Number of events

Electrons (e’) and positrons (e+)
collide at accelerators at very high
energy and produce a pair of muons

(M+ W)

LEP Accelerator

v=0. 999 999 999 987/ c
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hy Feynman rules
7 E=Energy
Cross-section  — ;Z(; 21122 16‘k2‘E 411 E‘M ‘2 L2 =gl
W Lo \ Matrix element
v T
2 1= .. u . gM 2
Angular Deps ‘M ‘ =‘ YOtﬁ p ( : )VPY po |
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m> m> 9
- v \/1—— (1+E—;‘)+(1—E—;*)cos v,
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4750( \/ -2+ |1+L2 | . Total x-section




CuibHbIe B3anMoOencTBuA

OcylwecTBnAoTCA NyTEM 0OMEeHa KBaHTOM TFOOHHOro (LBETHOIO)
nosiA -riarooHOM

[ TIOOHHOE Mnone onuckiBaeTcA ypaBHeHneM AHFa-Mwunnca
(obobLeHne ypaBHeH Makcsenna)

[ naBHOE OTNMNYME OT INEKTPOANHAMMKN B TOM, YTO MIKOOHL! TOXKE
HeCyT LUBETHOW 3apAn 1 B3aMMOLEUCTBYIOT OPYr C OPYIroM
[locTynaTt KOH(PaHMEHTAa: KBAPKWU U rMOOHbI HE MOTYT
HabngaTbcA B CBO6OOAHOM COCTOAHUN, HAbNOOaTCA TOBKO
«BbecuBeTHbIE» 0OBEKTDI

becuBeTHbIe 0O0BLEKTHI ObIBAIOT CrieayoLWmnX TUMOB:

| ME30OHbl : Af — qq 6aproHbl B — qqq

9K30TUYECKME afpOHbI

BARIONIUM HIBRIDO GLUBOLA
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KBapKu — "Knpnu

npuynHe
npupoaa
co3pana 3
KOnun
(MOKONEeHnA)
KBApPKOB U
NEenToOHOB

[1o HENOHATHOWU

YN KW

o KBapku “3anepTbl”
BHYTpPW a4pOHOB

e JNEKTPUYECKNIN 3apAaL
KBapKOB KpaTeH 1/3

o Ka)kabI KBApPK HECET
HOBQE KBaHTOBOE 4MNCSIO -
LBET, IPUHUMaloLLLee TpU
SIS/ EOPTOB'KBAPKOB

POCNIO C OTKPbITUEMIHOBbIX
YyacTuy, 1 OOCTUMAO LIECwHY

s P 3 P I
(%) (%)

charm to

A/

down strange bottom
3) (-3) (-3)
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The Number of Colours

Update of Burkhardt, Pietrzyk 95 > The x-section of electron-
very mreiminer positron annihilation into
hadrons is proportional to
the number of quark
colours. The fit to

h A | | l/\\ T |

' ﬁ aco pTTj experimental data at
- {f FH various colliders at
gl . different energies gives

N.=3.06+0.10 [0



The group structure of the SM

Na

N N4
Z (Ta.-TTav)‘ij — 52']' C"?F ’ Tz(; :Z;le: O‘abTF ‘. Z fa.bc f*a.bd: 5cdc_vA
o . »

of a,b=1

[ 1 68% CL contour ALEPH

— 95% CL contour
% QCD = SuU(3)

17 massless gluino

QCD analysis definitely
singles out the SU(3) | P
group as the symmetry o, |
group of strong
interactions

~—— OPAL 68% CL ~ —  DELPHI prelim 68% CL
T 125 1.5 175 2 225 26 276 3 3.25 3.5
C./Cy
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Cnabble B3anmooencteuA

OcyliecTBnAatoTcA NyTéM obMmeHa np
BEKTOPHbIMU 6030Hamn W, Z

[Mlona W n Z onucbkiBaeTtcA ypaBHeHneM HHra-Mwunnca
(0606LeHMe ypaBHeHUN Makceenna)
[Mona W,Z Toxxe HecyT cnabbin 3apAan (M30CNUH)
B3aMMOLENCTBYIOT OpYyr C OpYyrom

[Mlona W, Z moryTt HabntogaTtbcA B cBOH6OOHOM COCTOA
obfiagaroT Maccoum

B cnabbix B3aMOoOeNCTBUAX yHaCTBYIOT JIENOTbI U KBap
Cnabble B3anMogencTBmnA - KOPOTKOOENCTBYOLWLNE

R~ 1/My

E€>XXYTOYHHbIMA
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JlenToHbl OT cnoBa AETTTOO0
7‘ MIOOHbI poXkgaroTcA OT

pacnaga I-me30HOB B
@ KOCMUYECKUMX Nlydax u

pacrnagarTCcA Ha 3NEKTPOHDI
N nBa HEUTPUHO

L‘

OJIEKTPOHLI  00pa3yloT  00OJIOYKM  aTOMOB W \

ONPEAEHAIOT BCIO XUMUIO HEXKMBOU U KMBOW MPUPOIbI v o

HelTpuHO poxkpatoTca B NpoLeccax pacnaga { v .rrrnlLi

apporoe n(udd) — p(uud) + e + U W f
‘ o

u e* - N
w - N
7 \ % w kv v,
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Electro-weak sector of the SM

SU(2) x U(1) versus O(3)
7 o

3 gauge bosons

1 gauge boson 3 gauge bosons

After spontaneous symmetry breaking one has

3 massive gauge bosons 2 massive gauge bosons

(W+, W-, %) and 1 massless (Y) (W+, W-) and 1 massless (y)

A e O ./ = Discovery of neutral currents was a
LT e e ey crucial test of the gauge model of
O | S ) 14 / weak interactions at CERN in 1973
A i\—f::;a’:"?\"ﬂ) = : T --’:, ~ :

A " >The heavy photon gives the

bé . R ra - neutral current without flavour

/ iy o Ui violation 20
AR -



The Number of Generations

Hadrons

¢ 1990

¢ 1991

91 92
Energy (GeV)

N, = 2.982 = 0.013

> /-line shape
obtained at LEP
depends on the
number of flavours
and gives the
number of (light)
neutrinos or
(generations) of the
Standard Model

21



Xurrcoeckmnm bosoH

[Tone bpayTa-OHrnepa-Xurrca
[loTeHuwnan

< H(x) >=v

cpenHee 3HaYeHue nond OcHoBHoe
b COCTOAHME
:-"5;‘,_ R
Maccbl anemMmeHTapHbIX g;’%;;
yactuy B CTaHoapTHOU 2 CHOHTaHHOe
SiCRchY HapyLLeH/e

Mauark — Yquark * U cuMmeT pUn

Miepton — Ylepton * U

Jp Quark Charm Quark
mW — g o U ~ S.OSZIGe‘J L
. 2 /2
mz = \/ g+ qg~“-v G
Slrange Quark
~ 0.095 GeV
mig = V- v =
NASSES
Electron uo " For reference:
144 — O 0.0005 GeV .
,y
° Proton
S 0.938 GeV
mQZUOn N O eimndenl Neulrino ' Naulrine Criginally hought to be

A— .
massless bul new nol



HeutpuHo

Ocumnnaumm HENTPUHO

o Data-BG-GeoV,
— Expectation based on osci. parameters
determined by KamLAND

ol
Am?L
P(ve — Ve, L) = 1 — sin” 20 sin*
A 30 40 S0 60 70 80 90 100

LyE, (km/MeV)

P v, K v

Am? =0.8-107° eV?
. N
HOpPMaAbHas

AU
obpaTtHas
nepapxus?

Am? =25-1073 eV?

atm ———= sun

R v
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