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1. EXPLAINING OUR GOAL




THEORETICAL SUMMARY

m Additional U(1) symmetries are predicted in the most
common extensions of the SM gauge group: SO(10) and Eg
GUT groups, extra-dimensional models, and string theory;

m The gauge boson associated with an extra U(1) symmetry will
be massive, neutral, colorless, and self-adjoint;

m If such gauge boson is weakly coupled, it can also be very
light (within the eV-GeV mass range);

m Both kinetic and mass mixings with the SM photon and Z
boson are allowed.




2. EXTENDING THE SM BY A
NEW U(1) SYMMETRY




TwoO-HIGGS-DOUBLET MODEL

[ SU@B)c | SU() | U(m)y | U(1)x
Q' 3 2 1/6 0
ub |3 1 2/3 | ©
dy | 3 1 | -1/3| o
i 1 2 | —1/2| o
ek 1 1 —1 0
vh 1 1 o 0
H, 1 2 1/2 0
Hy4 1 2 —1/2 gx
¢ 1 1 O | —ax

Quantum numbers of the fields contained in our model. The
index i runs over the three SM generations. The SM model field,
now denoted by Hy, is uncharged under the new U(1) symmetry.



THE NEW LAGRANGIAN
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SPONTANEOUS SYMMETRY BREAKING

The scalar fields acquire a vey, such that the gauge Lagrangian

takes the form £ > —ZVW KV, + 1V M2V, where
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Since det (M?) = 0, we already know there will be a massless
eigenstate in our model.
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EIGENSYSTEM (PART 1)

In order to determine the observable eigensystem:
m Diagonalize the kinetic matrix;
m Diagonalize the resulting mass matrix;
m Identify the parameters that "control" both kinetic and mass
mixings,
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EIGENSYSTEM (PART I1)

Z Boson

Z = Z + small corrections in Z and X
Mz = M; + small corrections

Photon

A = A + small corrections in A and X
My =0

Z' Boson

Z' = X + small corrections in Z and X
Mz = My + small corrections



WHAT DO WE KNOW SO FAR?

m The Z boson mass and coupling are modified;
m The Z' boson couples to both SM neutral currents J; and Jey;

m A mixing between the neutral gauge bosons can have
important consequences on the EW precision measurements;




3. THE Z BOSON PHENOMENOLOGY




EW OBSERVABLES AT THE Z RESONANCE (LEP 1)

m Class of observables measured in eTe~ collisions;

m Z boson partial and total widths, left-right asymmetries for Z
production, forward-backward asymmetries for ete~ — ff;

m The existence of a Z’ boson can affect these quantities;

m We must make use of the precision program:
» Choose the best-measured observables to describe all the
other EW observables;
» The new gauge boson changes the relation between the
theoretical parameters and the reference observables;
» Sufficient to compute contributions only at tree-level.



NEUTRINO-ELECTRON SCATTERING

We can extend our analysis by including low-energy scattering of
muon neutrinos with electrons. These types of scattering are
mediated by the exchange of a virtual Z boson in the SM.
However, in the presence of new physics such process can also
be mediated by the exchange of a virtual Z’ boson:
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REWRITING THE INTERACTIONS

Neglecting the scalar sector, we can re-express the interaction
Lagrangians in terms of the standard parameters ae(M3), s, and c:
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From these Lagrangians, we can calculate all the EW observables
in the presence of a Z/ boson.



GLOBAL FIT — KINETIC MIXING
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GLOBAL FIT — BOTH KINETIC AND MASS MIXINGS
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4. FINAL CONCLUSIONS




WHAT DOES THE FUTURE HOLD?

m For our purposes, the relevant LEP2 observables are the
cross sections of ete™ — eTe™, uTuT, 777,30, 4q at
energies around 200 GeV;

m In the presence of new physics, these scattering processes
can also occur by the exchange of Z';

m We have encountered some difficulties when calculating the
cross section in the regime of very light Z’' bosons (choosing
the gauge, Goldstone bosons, SSB in the limit of Mz — 0).
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