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Third Lecture

In this third lecture, | will focus on providing an overview of
various tests of electroweak theory, with a short introduction
on the implications of the choice of gauge group for the SM

| normally spend many hours on this in a graduate
phenomenology course. | will not have time to do an
exhaustive tour of electroweak tests and will not be able to
present in detail the tests that | do present.

| will continue with electroweak physics and cover Higgs
physics in the fourth lecture

*Many plots from LEP Electroweak Working Group
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SU(2) (quick review)
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Gauge Group for EM and Weak

Interactions
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Gauge Group for EM and Weak

Interactions
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Gauge Group for EM and Weak
Interactions
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Fermion-gauge coupling
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Fermion-gauge coupling
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Fermion-
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Physical Fields
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Physics Fields
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Structure of Neutral Current
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Physics Fields
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Structure of Neutral Current
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Tests with Z bosons

Many possible tests using the Z boson:
- Width

- Decay rates to up-type quarks, down-type quarks, charged
leptons, neutrinos (invisible width)
— Test coupling universality

- Production asymmetries: forward-backward (for various
fermion types), left-right

- Measure Z mass precisely which will allow for self-
consistency test of the SM
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Observation of weak neutral currents

Gargamelle experiment:
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Tests with Z bosons

Many possible tests using the Z boson:
- Width

- Decay rates to up-type quarks, down-type quarks, charged
leptons, neutrinos (invisible width)
— Test coupling universality

- Production asymmetries: forward-backward (for various
fermion types), left-right

- Measure Z mass precisely which will allow for self-
consistency test of the SM
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cnergies woere determined every 10 minates by measuring the From the
relevant machine parameters and using a model which takes PartICIe
mto account all the known effects, including leakage currents Data Group
produced by trains in the Geneva area and the tidal effects
Farth Rotation due to gravitational forces of the Sun and the Moon. The LEP
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Mass of the Z Boson: m7 — 91.1875 4+ 0.0021 GeV

Precise energy calibration was done outside normal data

taking using the resonant depolarization technigue. Run-time
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dependent gravity variation Ag(f) is simpler to measure and to predict. Using estimates for
the elastic properties of the Earth |10/, the largest resulting strain is estimmated to ~ + 2.10 %,
which corresponds to a change of the 26.7 kin LEP circumnference of + 0.5 mn. To a good 17
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the elastic properties of the Earth [10], the largest resulting strain is estimmated to ~ + 2.10 %,
which corresponds to a change of the 26.7 kin LEP circumnference of + 0.5 mn. To a good 17
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Neutrinos from Lineshape
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Z Partial Widths

Parameten \verage | Correlations
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Forward-Backward Asymmetries

Z differential cross section:
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Forward-Backward Asymmetries

Asymmetries in terms of left-right couplings:
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Left-Right Asymmetries
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LEP Results
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Left-Right Asymmetries

92 - 0.100 + 0.044 + 0.004

23 ~—m— 0.1656 + 0.0071 + 0.0028
94-95 —-— 0.1512 + 0.0042 + 0.0011
06 - 0.1583 + 0.0057 + 0.0010
97-98 - 0.1491 + 0.0024 + 0.0010
Average - 0.1514 + 0.0019 + 0.0011
2 /DOF=7.4/4 Prob.=11.4%

0.10 0.12 0.14 0.186
0
ALR 05
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Z Measurements
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Compatibility with SM

Measurement Fit

0.02758 £ 0.00035 0.02767
91.1875 £ 0.0021 91.1874
2.4952 + 0.0023 2. 4965

41.540 £ 0.037 41.481
20767 + 0.025 20 739
0.01714 £ 0.00095 0.01642
0.1465 £ 0.0032 0.1480

0.21629 + 0.00066 0 21562

0.1721 + 0.0030 0.1723

00992 + 0. 0016 0.1037

0.0707 + 0.0035 0.0742

0.923 £ 0.020 0.935

0.670 + 0.027 0.668

A(SLD) 0.1513 + 0.0021 0.1480
sin“e[%'(Q,,) 02324 +0.0012 02314
m,,, [GeV] 80.425 + 0.034 80 389
Iy [GeV] 2 133 + 0.069 2 093
m, [GeV] 1780+ 4.3 178.5
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WW Production

We need the Z boson... The cross section with the
two diagrams below would violate unitarity

¢ \\M}’/\iu’ A A VAV AV VI 7

e / W ¢ —>—u NN W
With the Z, cross section is well-behaved (but still
need the Higgs at very high energies)

-

&

\v\/:/\ﬁf;\ W V.
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Triple gauge couplings at LEP

Start from most general Lorentz Invariant langranfian that
describes triple-gauge couplings: 7 WWg couplings and 7
WWZ couplings. Assuming EM gauge invariance and C
and P conservation, we have 5 left.

Measurments by LEP (with additional assumptions):

Parameter ALEPH DELPHI .3 OPAL || SM

gz 0.996+9930 | 0.975+9935 0.9657 5 037 0.9857 5 034 !

K- 0.983%g 060 | 1.02275 0% 1.020%5060 | 0.8997¢ 654 1
+0.029 +40) ()36 yy+0.042 +0 037

A —0.01475 555 | 0.00115 532 —0.0237 5030 —0.0617 5036 0

30
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ATLAS CROSS SECTION MEASUREMENTS

Standard Model Production Cross Section Measurements
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WW Production at the LHC
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Multi-boson production at the LHC
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Triple Boson Production

Evidence of Wyy production from ATLAS
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Anomalous Moment of the Muon

From the PDG:
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Anomalous Magnetic Moments

From the PDG:

Muon:

Electron:
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