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Standard Model:

quarks - leptons - weak bosons

==>pointlike



limits
from
experiment:

radius of electron:
<10-
radius of w/d-quark; L= il
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two different types
of mass generation




mass by confinement

\l/
QCD




field energy of gluons
and quarks



M, = E(gluons, quarks)/c




22? origin of masses of ?7??
leptons
quarks

W-bosons
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mass generation

/ / / / /

Brout, Englert;

Higgs;
Guralnik, Hagen, Kibble
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scalar fields




SU(2) x U(1)
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gauge bosons



SU(2) x U(1)
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l l l "Higgs" particle

massive massiess




alternative:
mass generation
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confinement
2 QCD




weak bhosons
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rho - mesons

quark- antiquark bound states
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analogy







Dynamical mixing of rho meson

and photon:




F,: decay constant

mixing parameter m m




Fp ~ 220 MeV







composite
weak hosons ¢




constituents






Constituents
of
W-bosons







electric charges

o= +1/2
L= -1/2






haplons confined
by gauge force




Gauge group
of QHD:

SU(n)

(e.g. SUQ3




mass scaie










= QD

Dynamical mixing of
meson and photon




MIXIng With photon

ED\N\/

m: mixing parameter




= QHD

Dynamical mixing of

W-boson and photon




MIKING of WWIth photor
W~~~

m: mixing parameter

) Mz_MWZ

£ 1-m?




M, " = My

- 1-—m?
Standard Model
M 2

M, ° W




Standard Model

/

~10.4 GeV

[7]







W decay constant



experimental data

M, =80.4..GeV
M, =91.19..GeV
F, =~125..GeV

sin* 6, =0.2315
e 1
Ar 128.9

04

e=0.3122






Fp ~ A\, =220 MeV

7, <0125 oV m A,
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uncertaimty:
gauge group of
QOHD



SUm=5sU(E)
|

F, =0.13 TeV
A, =0.13 TeV



$ low energy $

¥

Standard Model




$ high energy $
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many new states
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New:
ISoscalar




Present lower limit
on X-mass:




. —— .masses
o about

equal
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aCD = Olhom«/y
b

m(oz’) >> 0 (T0)
% Trt79) ~ 96"
Tk 2" (&’7’7’,—(! "JJ*JPJ) = 0_

7?’9’.(#\, +N):1.t'0

(?wtar/( rFmoasses — 0)



C? - anomaﬁ

Z( rrh) ~ 9 ,..,A/""

£ 9Cype-fraf) =0

X: 9~ +~)F0

QHD: CAl'ra/ fAeory
(no 0-*— Sfaz/c.r)
m (X) > rm (F)



Example: M(X)=0.8 TeV




Cross section of Z-
production at LHC:

~ 60 nb

=» Cross section for
X-production: ~0.8 nb



Coupling of X to
leptons and gquarks:







X — decay Into muons
= Z — decay Into muons:

4
X s,_\</;



[TW = u'v,)=226 MeV

[((X=>uuw)=22 GeV



[(X» qu) = [ (-d¥
= 3% [ (= p7)






X =>

leptons
quarks
WW
l7
WWZ
77



Summation

Total width of X:
~062 GeV

Total width of Z:
2.5 GeV



Discovery of X-

boson:

search for decay
INtO muon pairs







A, ~0.3..GeV

complexities

of
strong Interactions

~ 1 GeV



complexities
of

QHD Interactions

~ 1 TeV



EXCITED WEAK
BOSONS

above 1 TeV










Limit from Tevatron
and from LHC:

M(Z ) > 0.8 TeV
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QCD

tensor mesons...



p = a,(1320 ) = ..










| TeV



gecays

WR) 2> W Z
WR) 2> W Z2Z
WER) 2> W W W

decays into lepton and quark pairs suppressed















WeaK bosons composite

!

weak Interactions

2
leptons and quarks ?composife




leptons - quarks

color

lepton
number




simplest theory:

leptons - quarks
x

(fermion + scalar)




leptons - quarks







2 termions

4 scalars




4 scalars

........... $ Inside leptons

............ » insidequarks
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leptons




red
quarks
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scalar 1 fermion

electron






resonances
above 1 TeV.:

ff boson

(st)| fermion






comparison with proton - proton
inelastic scattering:

size:
proton :10*cm

|

o (PP)in = 60mMD



comparison with proton - proton
inelastic scattering:

size:

quark :10™ cm

|

o(gq) =10°°60 mb =60 nb






quark — antiquark
scattering:

q+ g
q-----»-*-«-—-—-.-nq
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TeV

| -

I m— (.9 TeV

I (I"17) — resonances
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lepton-antilepton
resonances

quark - antiquark
resonances



weak bosons,
leptons and quarks
are composite systems



weak hoson =»
fermion + antifermion

lepton, quark =>

fermion + scalar



Z - boson

N

) 4
X-boson






