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Parameters of the SM
(minimal version)

● All observables can be predicted in terms of N
par

 = 18 (?) 
parameters 

where E corresponds to some charesterstic energy scale.

● If we meausere at least  N
par 

different observables we can 
extract the values of the parameters from the experiment 
and make predictions....

● Rather naive question: 
● Why can't we extract all the parameters just from 

ONE observable by choosing different E
i
,i=1,N

par
?
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● All observables can be predicted in terms of N
par

 = 18 (?) 
parameters 

● Rather naive question: 
● Can't we extract all the parameters just from ONE 

observable by choosing different E
i
,i=1,N

par
?

In princple «YES»:
● Choose appropriate O

i

● Calculate RADIATIVE 
corrections as precise as 
possible (dependence on all 
 the parameters)

● Get what you want!
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Parameters of the SM
(minimal version)

● All observables can be predicted in terms of N
par

 = 18 (?) 
parameters 

● Rather naive question: 
● Can't we extract all the parameters just from ONE 

observable by choosing different E
i
,i=1,N

par
?

In practice «NO»!
sensitivity is different
for different parameters!

OK,  not all (just one, e.g., M
H
) and not from a single observable....(See below).  



  

Consistency check of the SM

● Given N>N
par 

observables one can check the consistency of 
the model, since the latter predicts the relations between
observables.

● In practice: use as many observables as possible and do a 
fit 

● e.g. ZFITTER or GFITTER 
for ElectroWeak Precision Observables (EWPO)  



  

Precision SM observables

● Low energy
● Fermi       constant measured in muon decay
● Anomalous magnetic moment of muon

● Z-pole observables
● Z-boson mass and width
● EffectiveEffective couplings of Z to fermions
● EffectiveEffective Weinberg angle 

● LEP 2, Tevatron, LHC:
● W-boson mass
● Top quark mass     
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Gfitter fit :)

One-lo
op corre

ctions included

One-lo
op corre
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Tree-level 

We need to include high order effects!



  

Why do we need to go beyond 
tree-level?

At high orders one needs to specify 
a renormalization scheme to define the 
renormalized parameters 

We were considering 
- physical masses   

→  ON-SHELL renormalization prescription 

-                    fine-structure constant in MOM-scheme

Typical MATCHING problem
Fermi theory

SM

Comparison of observables
In «effective» and «fundamental» 

theories 



  

Loop corrections



  

Loop corrections



  

Loop corrections

Try to FIT it!



  

Loop corrections

New Physics modify the relations!
Constraint it together with the Higgs

Beyond 
the

«EWPO constraints on NP»
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(Indirect) bounds on Higgs Mass

(Seems to be) excluded by LHC!



  

More on importance of 
Loop corrections

Some processes in the SM 
are ONLY due to loops!

Very important to the LHC Higgs searches

Since we expect that M
h
<<1 TeV, 

x should be small



  

The missing piece:
Higgs particle

● Higgs mass is a free parameter of the SM!

● But we have indirect bounds 
● from precision corrections
● from theoretical consistency

Should be measured in a direct experiment 
(e.g. as a Peak in some disrtibution)

Just a MC



  

Theoretical constraints
on the Higgs boson mass

● Unitarity problem in WW → WW scattering

Without Higgs WW scattering violate unitarity (cross-section grows with energy) 

Longitudinal
polarization
of W-boson

TeV scale favoured



  

Theoretical constraints
on the Higgs boson mass

● Triviality and Stability

For large M
H
:

For small M
H
:



  

Theoretical constraints
on the Higgs boson mass

● Naturalness (hierarchy problem)
● No symmetrysymmetry to protect the Higgs mass from

large radiative corrections (scalar particle) 

Every particle that couples to Higgs boson
 give contribution proportional

to ITS mass squared 

NB: For vector bosons: gauge symmetry, for fermions — chiral symmetry



  

Theoretical constraints
on the Higgs boson mass

New Physics expected at TeV scale



  

Issues of the SM

● Higgs is missing (EWSB mehanism)
● No Dark Matter candidate
● Gauge coupling unification is problematicty
● Large number of free parameters
● Flavor problem
● Gravity?
● ….
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Lecture 4 summary

● The SM exhibits (almost) perfect agreement 
with data in High Energy Physics experiments!

● Possible New Physics HASHAS to reproduce it as 
a low-energy effective theory!

● Still, there are some issues that prevent us 
from saying that the SM is the unltimate theory 

● We are waiting for NEW data from LHC to find 
the last ingridient of the model — the Higgs 
boson (test the EWSB mechansm).



  

Topics NOT covered in the 
lectures

● QCD 

(A.V. Nesterenko, O.V. Teryaev)

● Flavor Physics in Lepton sector 

(V.A. Naumov and S.M. Bilenky)

● Renormalization

(A.A. Vladimirov)

● Top Physics
● ….



  

Thank you!
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