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see also: [Di Luzio, Gréber, Spannowsky '17]

Structurally Iarge 5/%)\/(5/{\/ [Gupta, Rzehak, Wells '13]  [Falkowski, Rattazzi '19]
[Logan, Rentala '15] [Chala, Krause, Nardini '18] [etc.]

loop factor (or v2/M2) allowed dimensionally btw. H® and D>H*

custodial weak-quadruplet scalar
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Gegenbauer's Twin
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- dim>>6 operators may be very relevant @Q‘e
- vacuum stability limiting the dr) /0Ky ratio
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Naturalness exacerbated
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Composite Higgs mass,

A_
the Higgs as p”;—
pseudo-Nambu-Goldstone boson (pNGB) {
of a new strong sector mz /m “‘f 3%
T —

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

small mass from
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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Few percent fine-tuning wrt. § < 1, kK ~ 1 expectation
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Structurally small vev

radiatively stable
low-energy pNGB potential

multiplicative
renormalisation

with deepest minimum close to the origin
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Radiatively stable SO(N + 1) — SO(N) potentials
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Radiative stability at one-loop and linear order order if Yo V

Differential equation of Gegenbauer polynomials
V(%) o< 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:
Kiin g -+ ¢ (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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The Gegenbauer Higgs
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The Gegenbauer Higgs

_ Nth2 opp2 |2 h 3/2 h\]
V(h) _nﬁf Mz |sin ?+'yG,, cos — |
30
L T\
]l o So — m
25 o %p = P =
';I>L mp, = 125 GeV UK
20 i E vV = 246 GeV \ r‘i
= M =2TeV
c
15 \
101 mild

~ 0.5 ey \TGVZ tuning :\
5 | . [\ \\
0.0 0.2 0.4 0.6 0.8 1.0

YclY

N

mp, tuning via K
Gauthier Durieux — Higgs Conference — 28 Nov 2023


https://inspirehep.net/authors/1273362
https://indico.ihep.ac.cn/event/18025/timetable/

The Gegenbauer Higgs
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[Chacko, Goh, Harnik '05]
StrUCtura||y Sma“el’ mass [Barbieri, Greco, Rattazzi, Wulzer '15]
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[Chacko, Goh, Harnik '05]
StrUCtU ra”y Sma“el’ mass [Barbieri, Greco, Rattazzi, Wulzer '15]
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Gegenbauer’s Twin
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- explicit breaking from the top sector is insufficient
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radiative stability from irrep spurion
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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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Charting the Higgs self-coupling boundaries
Classes of models exist with structurally large dx) /Ky .
The custodial quadruplet scalar is an example.
Gegenbauer models, motivated by naturalness, have it too.

Key is an explicit breaking of the global pNGB-Higgs
symmetry by a large irrep.

0k could be the first signal of new physics!
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remembering a bright and humble friend from IHEP



