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The Higgs at 10

Ten years of LHC measurements
exacerbated the naturalness puzzle.

Small mass?

SM-like couplings?
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Composite Higgs

realise the Higgs as the
pseudo-Nambu-Goldstone boson (pNGB)
of a new strong sector

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

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

SM-like couplings require v?/f? < 1
which requires tuning in minimal models
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Composite Higgs mass
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Minimal composite Higgs
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Minimal composite Higgs
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My > 1.3 TeV

Few percent tuning wrt 1/§ 2 1, k ~ 1 expectation
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Minimal composite Higgs
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Twin-Higgs fix

Few percent tuning wrt 1/§ 2 1, k ~ 1 expectation
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Naturally small vev

radiatively stable potential
with deepest minimum close to the origin

agnostic of the UV

considering the SO(5) — SO(4) pNGB EFT

with ¢ = (%sin B, cos?) where h= ||
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Radiatively stable potentials

Explicit SO(5) — SO(4) breaking by an irrep spurion
(symmetric traceless)

Kiwio gy -y,

No other invariant, linear in K, can be constructed,
so all-loop linear renormalisation can only be multiplicative.

40

20 G3i(cos hif

Obtain Gegenbauer polynomials:
Kiin g ooy = G3/%(cos ?)
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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]
Adding twins

[Barbieri, Greco, Rattazzi, Wulzer '15]
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no M% sensitivity
if twin parity enforces y; = y; and My = M=
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. . [Chacko, Goh, Harnik '05]
Add'ng tW'nS [Barbieri, Greco, Rattazzi, Wulzer '15]
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retaining log M+ sensitivity only
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Gegenbauer’s Twin

—_—

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

- spontaneous  SO(8) — SO(7) L.B. Gegenbauer

1849-1903

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

1 Higgs: ¢ = (03, sin 2; 03, cos )7

in unitary gauge

- minimal explicit breaking is insufficient

Cexplicit  SO(8) — SO(4) x SO(4)

radiative stability from irrep spurion

> /top+Geg \
G,?/z(cos 21 potential ¢

" _ top only
10.0 f/
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Gegenbauer's Twin

HL-LHC 20 reach: hVV: 2.6% [ECFA report '19]
hhh: 100%

(and possibly large M1, with unitarity violating H scattering towards 6 TeV)
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Gegenbauer’s Twin
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Structurally large hhh/hxx

Gegenbauer's Twin
0.00 - - - - -

[Gupta, Rzehak, Wells "13]

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

[Falkowski, Rattazzi '19]

[Logan, Rentala '15]  [Chala, Krause, Nardini '18]
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- a loop factor allowed dimensionally (or v2/M? if dim-6/dim-8)

- dim>>6 operators may be very relevant

- vacuum stability constrains large self-couplings
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Naturalness,
Gegenbauer polynomials,
and the Higgs self-coupling

Gegenbauer potentials are eigenfunctions of linear renorm.
for SO(N + 1) — SO(N) pNGBs

(on spherical manifolds, more generally).

Explicit global symmetry breakings in non-minimal irreps
lead to naturally small pNGB Higgs vev's.

Structurally large hhh/hxx ratios in coupling deviations occur,
making self-coupling measurements essential probes.
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Extras



Radiatively stable potentials (II)

Linear one-loop correction to V/(4):

/\2
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Radiative stability at one-loop and linear order order if Yo V

Differential equation of Gegenbauer polynomials

V(?) o G3/?(cos ?)
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Gegenbauer Higgs potential
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Gegenbauer Higgs tunings
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Gegenbauer Higgs self-coupling
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Gegenbauer's Twin tunings
- conservative definition RMS(eig. log-derivative matrix)
- dominated by top-sector dependence of v/f
- about 4 times better than usual A ~ 2v?/f? minimum
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Gegenbauer's Twin self-coupling
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