
Model Building in the LHC Era
from model to LHC

Neil Christensen
University of Wisconsin - Madison

Supported by NSF grant PHY-0705682





Build ModelImplement model 
in simulation 

software

Simulate LHC 
collisions Compare predictions 

with experiments





Missing!



W+

W+

W-

W-



4

0 200 400 600 800 1000 1200 1400
0.0

0.2

0.4

0.6

!"""""s #GeV$

a 0

FIG. 2: A plot of the real part of the J = 0 partial wave amplitude of WW scattering in the Higgsless SM (HSM) at tree level.
The blue line is the unitarity bound of 1/2. The HSM overcomes this bound at 1.2TeV.
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FIG. 3: The diagrams involved in WW scattering when a new Z ′ gauge boson is added to the HSM. The Z ′ contributes in the
S and T channels and reduces the amplitude, thus improving unitarity.

We can strengthen the bound by considering the coupled channel:

|f〉 =
1√
5
|WW 〉 +

√

4

5
|ZZ〉 (26)

which maximizes the amplitude and maximally strengthens the bound, giving
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This is plotted in Figure 2 along with the unitarity bound of 1/2. The HSM overcomes the unitarity bound at 1.2TeV .
We know that something new beyond the HSM must appear before 1TeV to unitarize WW scattering. It might be
a scalar field as in the SM, but it could also be gauge bosons. For example, a Z ′ gauge boson could contribute in the
process WW → WW in the S and T channel as in Figure 3. The partial wave amplitude of this process is given by
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The first term is the contribution from the HSM. The second term is the contribution from Z ′ exchange. Since the Z ′

is much heavier than the W gauge boson, the second term is negative and reduces the quadratic growth and allows
unitarity to be valid to higher energies.

We don’t know what the next new physics will be. It might be a new scalar field, it might be new gauge bosons,
it might even be a combination. For the moment, let’s consider the case that the next new physics is a pair of gauge
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SU(2)0 SU(2)1 U(1)2

Σ01 : (2, 2̄)0
Σ12 : (1, 2)± 1

2

L =
f2

4
Tr

�
(DµΣ01)

† DµΣ01 + (DµΣ12)
† DµΣ12

�

+
F 2

4
Tr

�
(Dµ (Σ01Σ12))

† Dµ (Σ01Σ12)
�



SU(2)0 SU(2)1 U(1)2
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Ideal Fermion Delocalization
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Necessary to satisfy precision electroweak constraints.



Ideal Fermion Delocalization
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Fermion couplings to W’ and Z’ are vanishingly small.
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Over 200 processes compared.
All agree to better than 1%.
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Also Whizard!



Over 200 processes compared.
All agree to better than 1%.
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