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LEP Electroweak fits
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Electroweak precision fit

Observables Loop corrections
masses 

coupling constants 
Branching ratios 

production cross sections

at vertices 

on propagators

Examples:  
Take an observable whose high order corrections depend on mtop, mHiggs  
⇒ can infer those masses even before observing the particles !  
Flipping the argument, combined fits of of several observables  
are very stringent test of the theory/model producing the corrections

(we will go into more details about (pseudo-)observables when fitting the Higgs properties)

Why high precision study of EWC (electroweak corrections) ? 
- check the consistency of the gauge / Higgs sectors of the SM: not only a good 
model at low energies but that as a QFT describes experimental observations up to 
much higher scales.  
- Infer the presence of new particles (fields) through quantum corrections (loops) on 
observables (top, Higgs, BSM)

Two ways to discover new physics: “direct” observation or observing deviations from 
theoretical predictions”
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e+e- @ LEP/SLC

solid line theory  
prediction
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e+e- @ LEP

LEP:   7’000’000 Z   (1000 Z bosons/hour x 4 experiments when running at  2 1031 cm-2s-1 ) 

beam energies at ~mZ/2   (LEP 1) 
beam spot 150 um x 5 um 
45kHz (4 bunches —> then 8) 
125 MeV loss /turn because of  
       bremsstrahlung 
Fantastic beam energy resolution:                
              2 MeV (~2 10-5 relative unc) 

While the beam orbit length was constrained by the 
RF accelerating system, the focusing quadrupoles 
were fixed to the earth and moved with respect to 
the beam, changing the effective total bending 
magnetic field and the beam energy by 10 MeV over 
several hours. Sensitive to earth tides generated by 
the moon and sun, local geological deformations 
following heavy rainfall or changes in the level of 
Lake Geneva, electric trains
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e+e- @ SLC
SLC:     600’000 Z (longitudinal polarization)

Repetition rate 120 Hz
Beam spot 1.5 um x 0.7 um (better selection of heavy quarks) 
Polarized beams !
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Basic measurements

εsel = efficiency x acceptance

Cross sections

The Z couples with a mixture of vector and axial-vector couplings.

This results in measurable asymmetries in the angular distributions of the final-state 
fermions, the dependence of Z production on the helicities of the colliding electrons 
and positrons, and the polarisation of the produced particles. 
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Basic measurements
Asymmetries

Forward / Backward

“forward” means that the produced fermion (as opposed to anti-fermion) is in the hemi- 
sphere defined by the direction of the electron beam (polar scattering angle θ < π/2). 

@ SLC

NL(NR) is the number of Z bosons produced for left(right)-handed electron bunches, 
⟨Pe⟩ is the magnitude of luminosity-weighted electron polarisation 
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Example: number of (light) 
neutrino families
Determination of the number of light (i.e. 
kinematically accessible in Z decays) obtained 
by measuring the partial widths :
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SM tree level relations
Relation between weak and e.m. couplings:

Relation between neutral and charged weak couplings:  
(ρ is determined by the Higgs structure of the theory: 
with only one Higgs doublet ρ = 1)

Tree level relations are modified by radiative corrections to both the propagators and vertices

The effect of the corrections is O(%). If one can get both theoretical and experimental 
precisions to this level the effects of the loops can be tested.
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Fit structure
5 input parameters from the Standard Model: 

α(mZ)    αs(mZ)    mZ   mtop   mH 
In practice all the other parameters are either ~constant at the Z-pole  
or can be derived from these 

Collect a (large) number of observables that depend on these inputs 
and fit them simultaneously to check if there is a (unique) set of values 
that can accommodate all measurements. 

Build a X2 fit from all the observables: 

O1(α, αs,mZ, mtop,mH  ; x1) 
O2(α, αs,mZ, mtop,mH  ; x2) 
O3(α, αs,mZ, mtop,mH  ; x3) 
… 
ON(α, αs,mZ, mtop,mH  ; xN) 

→
→
→

→

(              )

p = (α, αs,mZ, mtop, mH)

∂ X2 
∂ p = 0→

→

X2  =   observed - predicted 
                     uncertainty

2

Based on the best fit values of the input parameters, predict the “SM expectation”  
for any observable and compare it with the measured values
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mtop mH

(consequence of using only 
1 doublet in SM)
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mtop mH

from theory from experiment  
(low energy non-perturbative)
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Observables
LEP 1
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Observables
LEP 1

LEP 2 / 
TeVatron

How do you measure the polarization of a tau ?

How do you measure the W mass ?
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Measurements summary
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The most amazing results ever !
Take the high precision Z-pole measurements and fit simultaneously all 5 inputs: 

X2/ndof = 16/ 10 (probability 9.9%)

PDG 
Today we discovered both: 

From these values we can extract all other SM parameters:
PDG



Mauro Donegà 98

mtop 
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mW vs. mtop
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Use the same inputs as before and add mt, mW, ΓW from LEP2/TeVatron results 

X2/ndof = 18.3/ 13 (probability 15%)

mH  @ LEP
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mH  @ LEP
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Pulls
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