6. Physics of W and Z bosons

6.1 The theory of electroweak interactions (a short repetition)
6.2 Summary of precision tests at LEP

6.3 W and Z boson production in hadron colliders

6.4 Test of QCD in W/Z (+jet) production

6.5 W mass measurement
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Important Milestones towards Electroweak Unification

1961 S. Glashow proposes an electroweak gauge theory,

Introduction of massive W* and Z° bosons, to explain the large difference in
strength of electromagnetic and weak interactions.
Key question: how acquire W and Z bosons mass?

1964 R. Brout, F. Englert and P. Higgs demonstrate that mass terms for gauge
bosons can be introduced in local gauge invariant theories via spontaneous
symmetry breaking

1967 S. Weinberg and A. Salam use Brout-Englert-Higgs mechanism to introduce
mass terms for W and Z bosons in Glashow’s theory
- GSW theory (Glashow, Salam, Weinberg)

- mass terms for W, Z bosons, y remains massless
- Higgs particle (see chapter 7)

1973 G. t'Hooft and M. Veltman show that GSW theory is renormalizable

1979 Nobel price for S. Glashow, A. Salam and S. Weinberg

1983 Experimental discovery of the W and Z bosons by UA1 and UA2 experiments at
the CERN ppbar collider (Vs = 540 GeV)

1990-2000 | Precise test of the electroweak theory at LEP

1999 Nobel price for G. t'Hooft and M. Veltman

2012 Discovery of a Higgs particle by the ATLAS and CMS experiments at the LHC




W and Z vertex factors
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The Z - ff vertex factors in the Standard Model

(sin? B, is assumed to be 0.234)
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6.2 Summary of electroweak precision tests at LEP

» Results of 30 years of
experimental
and theoretical progress

* The electroweak theory is
tested at the level of 104
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Cross sections for W and Z boson production
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Precision tests Tests of the
of the Z sector W sector



Cross section for e*e- 2 u*u at LEP |
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Cross section for ete- > ff at LEP |
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Cross section for e*e- > ff on resonance (\'s = m,)

« Onresonance, \s = m: - v*/Z interference terms vanishes
-y  term contributes ~1%
- Z contribution dominates !

 Contribution of the y*/Z interference term ats = (M, — 3 GeV)?: ~0.2%

Total cross section for e*e- - u*u~ (integration over cos 06)

T o =
Otot N 02 = 3; Teemigweosta L9%)*+(92)°)(90)* +(9)°] e ranmoy

r.T
oz7(v/s =Mz) = ]1\3—7%7 7" sP:(?tli(oﬁross From the energy dependence of the
total cross section (for various fermions f)
the parameters

I'y= (I [(99)” + (1))

12sin2 Oy cos2 Oy
Partial width Mgz, Iz, Iy

I, = XZ: I'; Total width can be determined.



S [nb]

10 |

40 |
30 |

20 |

Measurement of the Z line-shape
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Measurement of the Z line-shape (cont.)
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* Keine Unterschiede fur verschiedene Leptonarten = Leptonuniversalitat

® Form der Resonanzenkurve fur alle Endzustande gleich (gleicher Propagator!)



Results on Z line-shape parameters

M, = 91.1876 +0.0021 GeV 23 ppm (*)

T, =2.4952+0.0023 GeV

., =1.7458+0.0027 GeV

T, = 0.08392 + 0.00012 GeV

r, = 0.08399 + 0.00018 GeV

T, = 0.08408 + 0.00022 GeV

T, =2.4952+0.0023 GeV

., =17444+00022 GeV o
T, = 0.083985 + 0.000086 GeV |

3 lepton flavours
treated independently

Test of lepton
universality
lepton universality

assumed:
1“e=1“M=l“T

*) Uncertainty on LEP energy measurement: + 1.7 MeV (19 ppm)
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Forward-backward asymmetries
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Forward-backward asymmetries
-comparison between ee and uu final states-
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Forward-backward asymmetries and fermion couplings

 Asymmetry at the Z pole
(no interference) is small

Arp ~ 9595 9A Ty
since g,/ is small
(in particular for leptons)

» For off-resonance points, the
interference term dominates and
gives larger contributions

i s(s—M2)
AFB ~ gaga - (S_M%)Q_l_?\@p%

* Agg can be used for the determination
of the fermion couplings
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Electroweak radiative corrections
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Results of electroweak precision tests at LEP (cont.)

partial decay width versus sin? 0,y:
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Results of electroweak precision tests at LEP (cont.)

Summary of results:

All measurements in agreement
with the Standard Model

They can be described with a
limited set of parameters

3

Measurement Fit IO"‘ea_S—Of"I;omeas
m,[GeV] 91.1875=0.0021 91.1874
r,[GeV]  2.4952=0.0023  2.4959
op.q [Nb] 41.540 = 0.037 41.479
R, 20.767 = 0.025  20.742
A 0.01714 = 0.00095 0.01645
A(P.) 0.1465 = 0.0032  0.1481
R, 0.21629 + 0.00066 0.21579
R, 0.1721=0.0030  0.1723
ASP 0.0992 = 0.0016  0.1038
AZ° 0.0707 + 0.0035  0.0742
A, 0.923 = 0.020 0.935
A, 0.670 = 0.027 0.668
A(SLD) 0.1513=0.0021  0.1481
sin’6?(Q,) 0.2324 =0.0012  0.2314
m, [GeV] 80.399 +0.023  80.379
r,[GeV]  2.085=0.042 2.092
m, [GeV] 173.3 = 1.1 173.4
July 2010 2




