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¢{ Natural EWSB ship has sailed, and SUSY is not on it

$ Just the standard model?

anthropic, multiverse, ...
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¢{ Natural EWSB ship has sailed, and SUSY is not on it

{ Just the standard model? (possible but not satisfactory)

Ignoring the hierarchy problem, what simple extensions of the SM
provide more satisfactory picture?



Motivation and Outline
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¢{ Natural EWSB ship has sailed, and SUSY is not on it

¢ Just the standard model? (possible but not satisfactory)

Ignoring the hierarchy problem, what simple extensions of the SM
provide more satistactory picture?

SM + 3 complete vector-like families (at 1 TeV - 100 TeV):

O gauge coupling unification
couplings at the EW scale are highly insensitive to fundamental parameters

O resurrects simple non-supersymmetric GUTs
easily avoids limits on proton lifetime,

GUT scale can be identified with string/Planck scale
O the electroweak minimum is stable all the way to the GUT scale



Gauge couplings 1n the standard model
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SM SM+3VF
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SM + 3 vectorhike famihies
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SM + 3 vectorlike families
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Is this a threshold effect?



SM + 3 vectorlike families at 10 TeV
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Exp. values of gauge couplings reproduced within 8%

the only relevant parameters are M and My
predictive, comparable to MSSM unification



Predictions and Sensitivity
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Predictions and Sensitivity
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Sensitivity to M, @ g , and MVF
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Changing any of the fundamental parameters by a factor of 2 does
not modify predicted values of gauge couplings by more than ~10%.




Realistic example
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Many possible solutions!



Top Yukawa and Higgs quartnc couplmgs
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O reduced sensitivity of EW observables to GUT scale values of top
Yukawa and Higgs quartic couplings
(different textures for fermion masses compared to usual GUTs)

O Electroweak minimum is stable!



What else are extra VFs good for?
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¢ anomalies in Z-pole observables A2y and A,
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Conclusions
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<$ 3 (or more) pairs of vectorlike families allow for insensitive

unification of gauge couplings
predictive, comparable to SUSY unification

¢{ resurrects simple non-supersymmetric GUTs (proton decay)
the GUT scale is adjustable and could be
identified with the string or Planck scale

$ the electroweak minimum is stable all the way to the GUT scale

¢{ some of the extra fermions might be within the reach of the LHC

and modify phenomenology of the SM:
small flavor violation from mixing through
Yukawa couplings, contributions in loops, ...



