Introduction to
Electroweak Physics

(Theory for Precision Tests)

w. HOQQth

e Theoretical basis

e Higher order perturbation theory
e The vector-boson masses

e Physics at the Z resonance

e Physics above the Z resonance

e Higgs bosons




Quantum Field Theory

fields = Operators, act on particle states

field quanta = particles (mass, spin, charge, ...)

Lagrangian based on

— space—time symmetry (Lorentz invariance)

— internal symmetry (gauge invariance)

suitable formulation of micro-dynamics for the
fundamental interactions

elektromagnetic: Quantum Electrodynamics

weak: unified with e.m. — e.w. Standard Model
strong: Quantum Chromodynamics

guidance:

—.successful gauge principle

— empirically known symmetry properties
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Problem: W=, Z are massive

Explicit mass terms 4 renormalizability

Standard Model solution:  Higgs mechanism
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Quantum Effects and Precision Tests

quantum effects: beyond Born approximation

historically: QED
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e Elektroschwache Prazisionsmessungen:

— LEP1/SLC: eTe™ Vernichtung an der Z-Boson
Resonanz
LEP1: ~ 4 x 10° Ereignisse/Exp. ('89 — '95)

— LEP2: ete - WTW—

— Tevatron: qf —» W — 1D, q¢
@ —tt, t > WTh— ...

— Niederenergieexperimente

Mz[GeVv] = 91.1871+0.0021  0.002%
rz[GeV] = 2.4944+£0.0024 0.10%
sin29lPt = 0.23151+0.00017  0.07%
My[GeV] = 80.394 +0.042 0.05%
mi[GeV] = 174.3+5.1 2.9%
Gu[Gev™2] = 1.16637(2)107° 0.002%

Effekte, die bei LEP beriicksichtigt werden mussen:
Gezeiten, Wasserstand des Genfer Sees,
Fahrplan des TGV Genf — Paris

e Quanteneffekte der Theorie:
~ O(1%) = Schleifenkorrekturen




- /'t uoo.&
Vedtrm an

Standard Model is renormalizable Nobég ?r,'gg 19
— quantum effects are calculable

@ lowest order (Born approximation)
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iViasses of W and Z bosons’

correlated via muon lifetime <« Fermi constant G,
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Above the Z resonance
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Lowest-order four-fermion cross section

Signal diagrams: two resonant W bosons

f1 - %4 h
e

fo fo

f3 Ve f3
ot _

fa

J 7 etc.

7
-< - *.Z

| Typical size ~ %}% ~ 2.5%




Monte Carlo generator RACOONWW

O(a) corrections with RACOONWW

virtual

e"eTWW—4f (1 loop):
Double-pole approximation

Factorizable corrections

building blocks:
— W-pair production
— W decay

Denner, Dittmaier,
Roth, Wackeroth '99,

real

ete” 4 f+~ (tree level):
Full matrix element

Non-factorizable corrections

W
etc.

~v-exchange between
production- and
decay-subprocesses
with E’Y S, I'w
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Summer 2001

Measurement Pull  (O™-0™)/c™Me2
32-107123

Act? (m;) 0.02761£0.00036  -.35
m,[GeV] 91.1875+0.0021 .03
I,[GeV]  24952+0.0023  -48
o) ,[nb]  41.540£0.037  1.60
R, 20.767 £0.025  1.11
AY 0.01714 +£0.00095 .69
A(P) 0.1465+0.0033  -.54
R, 0.21646 +0.00065 1.12
R, 0.1719+0.0031  -.12
AL 0.0990 +0.0017  -2.90
AL 0.0685+0.0034  -1.71
A, 0.922+0.020  -.64
A, 0.670 +0.026 06

A (SLD) 0.1513+0.0021  1.47
sin®67(Q,,) 0.2324 £0.0012 86

mtEP) [GeV] 80.450+0.039  1.32
m, [GeV] 174.3 5.1 -.30

TEV ) (GeV] 80.454 +0.060 93
sin ew(vN) 0.2255+0.0021  1.22
Q,/(Cs) 7250 £ 0.70 56

3210123
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