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Abstract: <p>A simple way to trivially satisfy precision-electroweak and flavor constraints in composite Higgs models is to require a large global
symmetry breaking scale, f > 10 TeV. This leads to a tuning of order 10"-4 to obtain the observed Higgs mass, but gives rise to a 'split' spectrum
where the strong-sector resonances with masses greater than 10 TeV are separated from the pseudo Nambu-Goldstone bosons, which remain near
the electroweak scale. To preserve gauge-coupling unification (due to a composite top quark), the symmetry breaking scale satisfies an upper bound
f < 100-1000 TeV, which implies that the resonances are not arbitrarily heavy and may be accessible at future colliders. Furthermore, by identifying
dark matter with a pseudo Nambu-Goldstone boson, the smallest coset space containing a stable, scalar singlet and an unbroken SU(5) symmetry is

SU(7) / SU(6) x U(1). Interestingly, this coset space also contains a metastable color-triplet pseudo Nambu-Goldstone boson that can decay via a
displaced vertex when produced at colliders, leading to a distinctive signal of unnatural ness.</p>
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What is the nature of the Higgs boson?

Standard Model/
?
Elementary! Bp S arEymatry

HIGGS *
BOSON OR

Composite? * New strong dynamics

Understanding why m,;, < M, can help
address shortcomings in the SM
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Composite Higg:

Global symmetry G spontaneously broflen to subgroup H at scale f

Resonance mass

BUT global symmetry must be explicitly broke
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Composite Higgs

Global symmetry G spontaneously broken to subgroup H at scale [
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Global symmetry broken by mixing with elementary sector

[Contino, Nomura, Pomarol "03; Agashe, Contino, Pomarol "04]
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mg = fermion resonance nja
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HOWEVER, precision ele
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Simple solution:

Assume [f 2 10 "l’t"V) - no need for custodial or
flavor symmetries!

Tuned Higgs potential
V ~ cof2|H|? + cq|H|? tuning <107
This compares to ~ 107%% in SM!

e.g. QCD - sensitivity in neutron, proton mass ~_"uwd -3
Maucleon

Is there a motivated upper bound for f ?
Yes! @
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Gauge coupling unifica

Assume composité t; and coset G/H

(tg,x°) = complfte H multiplet

Decoupled with top "Yompanion: C

One-loop beta function coefficients
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Effective Lagrangian
Integrate out strong sector
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where ¥ =whw = adjoint spurion (contains D,T and S)

1. fl[bb(. = momentum dependent form factors
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Obtain:
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Summary

® f>10TeV simply eliminates all precision

electroweak and flavor constraints
— Higgs potential is tuned at 10~* level

— “Unnatural” or “split” composite Higgs

e SU(7)/SU(6)xU(l) minimal model
— Improves gauge coupling unification

— Explains fermion mass hierarchy

® Higgs partners:S = dark matter, T = color triplet

® [ong-lived Tdecays = sign of unnaturalness!
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