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Composite Higgs mass,

A_
the Higgs as the p”;:
pseudo-Nambu-Goldstone boson (pNGB) Y, g |
of a new strong sector ma/my, v 3%
T —

e.g. global SO(5) — SO(4) spontaneous breaking
at scale f

small mass from the
explicit SO(5) breaking
by e.g. the SM

small §ry implies v?/f? < 1
and requires fine-tuning in minimal models
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Minimal composite Higgs
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Minimal composite Higgs
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Naturally small vev

radiatively stable deepest minimum
close to the origin

multiplicative
renormalisation

in the low-energy pNGB potential

Gauthier Durieux — The flavour path to new physics — Zurich — 6 June 2024


https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1351139/timetable/#20240605.detailed

Radiatively stable SO(N + 1) — SO(N) potentials
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Radiative stability at one-loop and linear order order if ¥oc V

Differential equation of Gegenbauer polynomials
V(2) oc GIND/2(cos 1)
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Radiatively stable SO(N + 1) — SO(N) potentials

Explicit SO(N + 1) — SO(N) breaking by an irrep spurion K:
Kiwin . -+ ¢ (symmetric traceless)

é= (%sin ?, cos %) h = |h|

No other invariant, linear in K, can be constructed,
so all-loop linear renormalisation can only be multiplicative.
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Obtain Gegenbauer polynomials:
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The Gegenbauer Higgs
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The Gegenbauer Higgs
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The Gegenbauer Higgs
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The Gegenbauer Higgs
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[Chacko, Goh, Harnik '05]
Natu ra”y Sma”er mass [Barbieri, Greco, Rattazzi, Wulzer '15]
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Natu ra”y Sma”er mass [Barbieri, Greco, Rattazzi, Wulzer '15]
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Gegenbauer’s Twin

—_~——

. global SO(8) D SO(4) x SO(4)

- spontaneous  SO(8) — SO(7)

7 NGBs o
6 eaten by W*,Z and W*,Z

€ §

A 4

Leopold B. Gegenbauer
1849-1903

1 Higgs: ¢ = (03, sin ?; 03, cos?)T in unitary gauge

- minimal explicit breaking is insufficient

- explicit  SO(8) — SO(4) x S/Ov(4)
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Gegenbauer's Twin

(and possibly large M7, with unitarity violating H scattering towards 6 TeV)
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Gegenbauer's Twin
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(and possibly large M7, with unitarity violating H scattering towards 6 TeV)
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Gegenbauer's Twin custodial weak-quadruplet scalar
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- a loop factor allowed dimensionally (or v2/M3 if dim-6/dim-8)
- dim>>6 operators may be very relevant
- vacuum stability as limiting constraint
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- a loop factor allowed dimensionally (or v2/ M5 if dim-6/dim-8)
- dim>>6 operators may be very relevant
- vacuum stability as limiting constraint
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Gegenbauer naturalness
The linear renormalisation of pNGB potentials admits
(remarkable) eigenfunctions.
m?2
An example theory exists with natural W ~ %

natural dxy ~ %

)
natural 5/;\: ~ % (bonus)

Thus, LHC still probes symmetry-based naturalness,
and dk) could be the first signal.

Key is a non-minimal breaking
of the global pNGB-Higgs symmetry.

UV realisation?
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