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L ecture 1:

We know very little about physics at the TeW scale.
Discrete symmetries and cascade decays at colliders.

I ecture 2:
Resonances at the Tevatron and the LHC.

Case study: two universal extra dimensions.

Lecture 3.

Supersymmetry versus Composite Higgs



4 Z! bosons _

Z! = any new electrically-neutral gauge boson (spin 1).

Consider an SU(3)g X SU(2)w x U(1)y x U(1)., gauge symmetry
spontaneously broken down to SU(3)s X U(1)em by the VEVs of
a doublet H and an SU(2)y-singlet scalar, .

The mass terms for the three electrically-neutral gauge bosons,

w3k, m.ﬂ and BY, arise from the kinetic terms for the scalars:
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Mass-square matrix for Bf, W3 and BE:

0 0 0
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0 —zgt.cosOy _“H,... + NWH,_ ww cos? 0
where t. =g./g, tanfy = gy /g, T = ﬁw\ﬁmm

cosfy sinfy 0 relates the neutral gauge
U =| —sinfy cosBy 0O bosons to the physical states
0 0 1 in the case zy = 0.



The relation between the neutral gauge bosons and the corre-
sponding mass eigenstates can be found by diagonalizing M?Z:
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AH is the photon field
ZH! is the field associated with the observed Z boson
Z'H is a neutral gauge boson, not discovered yet.



The mixing angle —n/4 < 8’ < 7w /4 satisfies
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The Z and Z’ masses are given by
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Z' is heavier than Z when (r + z%;)t2cos? 8y, > 1.



The mass and couplings of the Z' boson are described
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e U(1), charge of the Higgs doublet, zg

e fermion charges under U (1), — constrained by anomaly
cancellation conditions and requirement of fermion

mass generation






