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The Standard Model



@ The Standard Model of strong, weak and
electromagnetic interactions describes quantatively
practically all existing data!
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The Standard Model

@ The Standard Model of strong, weak and
electromagnetic interactions describes quantatively
practically all existing data!

@ Neutrino oscillations require (probably) just minor
modifications of the model.

@ There are 5 fundamental forces of Nature with
carriers having spin 0, | and 2!

@ New precision measurements of flavour changing
processes and the processes with CP violation passed
all tests!

s it the end of a story or a step forward!?

@ This is the beginning of a new research program
with decades to go.
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The Standard Model of Fundamental Interactions

Higgs Sector Neutrino Sector Flavour Sector

Dark Matter

New particles and Interactions
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The Higgs Sector

* Is it the Higgs boson? - Almost sure
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* Is it the Higgs boson? - Almost sure ,
* |s it the Higgs boson of the Standard Model? - It seems so *
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New experiments at the LHC at doubled energy and at new accelerators (if
built) will allow one to answer these questions with enough precision
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The Higgs Sector

ne Higgs boson! - Almost sure ,
e Higgs boson of the Standard Model? - It seems so°

here alternatives! - Yes

* Can it be that we see more than one Higgs boson? - May be
e Can one get confident answers to these questions! - Yes

New experiments at the LHC at doubled energy and at new accelerators (if
built) will allow one to answer these questions with enough precision

We have got the confirmation that particles obtain their masses as a result of
interaction with the Brout-Englert-Higgs field ( whatever model the Higgs
boson belongs to)
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The Higgs Sector: Alternatives

Model Particle content
SM h CP-even
h,H CP-even
2HDM/MSSM | A CP-odd
H T
H I,HZ,H3 CP-even
NMSSM A A CP-odd
T
H
Composite h CP-even
+ excited states
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The Higgs Sector: Alternatives

Model Particle content
The mass spectrum
SM h CP-even of the Higgs bosons
h,H CP-even (GeV)
2HDM/MSSM A CP-odd
+ HE +
H 700 W — —— q
A — — A
H |,H2,H3 CP-even
NMSSM A1,A2 CP-odd
H +

h h — A,
Composite h CP-even 120~ 0 0o— Hf

P + excited states
CM MCCM HMCCM

D.Kazakov Round Table «What Next» Dubna, March 2014

noHeenbHuK, 3 mapTta 14 r.



The mass spectrum
of the Higgs bosons

MCCM HMCCM

It may well be that we see one of these
states
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The mass spectrum
of the Higgs bosons

MCCM HMCCM

It may well be that we see one of these One has to check the presence or absence
states of heavy Higgs bosons
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Neutrino Sector
Neutrino masses
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Candidate Isotope Experiment

8Ca Candles

76Ge Gerda, Majorana
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Flavour Sector

e Number of Generations!?
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Flavour Sector

e Number of Generations? e The width of the Z-boson
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The Mass Spectrum and Mixing
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The Mass Spectrum and Mixing

* Mass spectrum!?
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Mauark = Yquark -
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Maguark = Yquark = U

Miepton = Ylepton * U
mw = g/V2-v
= Vg2 +g?/V2-v

mHz\/X-v
SM m, = 0

Mgluon 0

Up Quark Charm Quark Top Quark
~0.002 GeV 1.25 GeV 175 GeV

Down Quark Suange Quark Bottom Quark
~0.005 GeV 4.2 GeV

These are relative masses not size - they have no measurable size

Electron Muon Tau
0.0005 GeV 0.105 GeV 1.78 GeV
~0 ~0 ~0

Proton

938 GeV
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chemical elements:
(not H & He) 0.025%

observed .':.' A .
neutrinos: ver 8
0.17% o e : i

expected
from
~_ _ luminous disk

10 )

H & He: | o
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Tremendous progress of
the LHC on SUSY
searches is dissapointing
so far.

Looking in wrong place!?

Still have not reached the
the right mass interval?
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| .The study of the properties of the new scalar
particle with maximal possible precision

2. The search for any possible deviations from the SM
indicating to existance of a new physics

3. Direct search for new physics at TeV scale

The fulfilment of this program might require the
construction of a new electron-positron collider in
addition to existing hadron collider.

We live in exciting time and have a chance to unveil
the mystery!
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