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Introduction Results Outlooks and conclusion

The Standard Model

Central role of the Higgs
Not all couplings observed yet
SM-like Higgs 10 %

⇒ Need precision for the Higgs
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Introduction Results Outlooks and conclusion

Hierarchy Problem

Key motivation for new physics for over 40 years!
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Figure 3: Top loop diagrams that contribute to the Higgs mass.

• A Wilsonian approach to EFT is assumed, implying the decoupling of UV and IR scales.

bref rappel scenairos standard avec symétries et insister sur le fait que le "challenge" de ce
scénario est la 3ème hypothèse

1.3 What is classicalization ?

As we have seen previously, EFTs describe a certain energy range using degrees of freedom suited
to that range. Thus, when we probe higher energy scales, shorter distances, certain degrees of
freedom begin to strongly interact starting at a critical scale Λ. This is a sign that a UV
completion of the theory is necessary, meaning that we are reaching the limits of EFT and must
identify a more fundamental description.

lien UV/IR et énergie en MQ vs. BH + différents types complétions UV
To do this, the standard approach is to introduce new degrees of freedom that interact weakly

at this scale. But it exists an alternative approach that we chose to study: self-completion. The
main idea is the following: rather than introducing new particles into the UV theory, we keep the
same IR degrees of freedom but in a state of high multiplicity. Since their occupation number is
high, these states exhibit approximately classical behavior, allowing the theory to self-complete
in the UV via classicalization.

expliquer un peu plus en détails + exemple trou noir

Figure 3. Feynman diagram of a non-perturbative process, 2 → N⊛ ≫ 1, mediated by the
production and evaporation of a classicalon involving a k-essence field ϕ.

average individual energy ω > m must be hierarchically smaller than the interaction scale
Λ∗; otherwise, the N⊛ bosons would not reside in the feebly interacting regime of the EFT.
This requirement explains why UV/IR mixing necessitates a little hierarchy m ≪ Λ∗, as
previously suggested in Ref. [108].

2.2 Classicalization by Vainshtein Screening

2.2.1 Prototype Model

Consider the following Lagrangian density LX for a real scalar field ϕ(x) of mass dimension
1 (the classicalizer), defined on R1,3:

LX ≡ Λ4
∗K(X), where X ≡ ∂µϕ∂µϕ

2Λ4∗
. (2.7)

This Lagrangian density depends solely on the kinetic variable X. For simplicity, we adopt
the following kinetic function:

K(X) = X + c2X
2, with c2 ≡ ±1, (2.8)

which yields the Lagrangian density,

LX = 1
2 ∂

µϕ∂µϕ+ c2
4Λ4∗

(∂µϕ∂µϕ)2 , (2.9)

of a prototype model of k-essence. Here, the second term represents a non-renormalizable
kinetic self-interaction. The Lagrangian density LX exhibits both a shift symmetry ϕ(x) 7→
ϕ(x) + ϕc (where ϕc ∈ R is a constant) and a Z2 symmetry ϕ(x) 7→ −ϕ(x).

At first glance, this theory is formulated as an EFT, truncated at the leading self-
interaction term permitted by these symmetries, with a naive perturbative cutoff Λ∗ ≡ 1/ℓ∗.
However, if this theory self-completes through classicalization, it implies that it is secretly
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Figure 4: Caption

2 Second section

2.1 Higgs Mechanism

To circumvent this difficulty, physicists Brout, Englert, and Higgs introduced the Higgs mecha-
nism in 1964, which proposes to break the symmetry spontaneously. To illustrate this principle,
imagine a marble in unstable equilibrium at the top of a perfectly symmetrical hill. If we look
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Introduction Results Outlooks and conclusion

Hierarchy Problem

δSM(m
2
H)

(mexp
H )2

≃
(

ΛSM

500 GeV

)2

⇒ New physics ≲ 1 TeV to screen UV contributions to (mR
H)

2

ex: supersymmetric particles, target of LHC ! → not observed . . .

−→ Little hierarchy: ΛSM ≫ mH ⇒ unnatural fine-tuning!
ex: ∼ 1% in supersymmetry
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G. Dvali et al., JHEP 08 (2011) 108, arXiv:1010.1415

−→ applications in modified gravity / cosmology

F. Nortier, JHEP 03 (2026) 230, arXiv:2511.01739

−→ need for a little hierarchy: Λ∗ ≫ mϕ
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The Abelian Higgs Mechanism

LHiggs = −
1
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FµνF

µν + (Dµϕ)
∗(Dµϕ)− V (ϕ)

V (ϕ) = µ2
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<0

ϕ∗ϕ+ λ︸︷︷︸
>0

(ϕ∗ϕ)2

→ minimun: ⟨ϕ⟩ = ±v = ±
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−µ2

λ

Polar parametrization: ϕ(x) = 1√
2
ρ(x)e iθ(x) −→ unitary gauge: ϕ(x) = 1√

2
ρ(x)

Perturbation around the vev : ρ(x) = v + h(x)

⇒ LHiggs ⊃ 1
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2v2
︸︷︷︸
=m2

A

AµA
µ : photon acquires a mass !

photon goldstone
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Prototype Model of a Higgs Classicalizer

Goal: embed Higgs mechanism in a classicalization framework
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4
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µν + LJ + (∂µϕ)
∗ (∂µϕ) +

c2
Λ4
∗

[
(∂µϕ)

∗ (∂µϕ)
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where Dµ = ∂µ + ieAµ

where Dµ = ∂µ + ieAµ

Polar parametrization: ϕ(x) = 1√
2
ρ(x)e iθ(x) −→ unitary gauge: ϕ(x) = 1√

2
ρ(x)

Quantum fluctuations: ρ(x) = ρ(x) + δρ

→ we treat the photon perturbatively:

{
e ≪ 1,
Aµ = δAµ

δρ

ρ
_
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Higgs Classicalizer: Kinetic Terms

Lkin =
Z (x)

2

[
(∂tδρ)

2 − (∂Ωδρ)
2 − B(x) · (∂rδρ)2

]

with (∂Ωδρ)
2 ≡ 1

r2 (∂θδρ)
2 + 1

r2 sin2 θ
(∂φδρ)

2

Inside Vainshtein core (r ≪ RV ):

Lkin ∼
1
2
[
(∂tδρZ )

2 − (∂ΩδρZ )
2 − 2(∂rδρZ )2

]

where δρZ (x) ≡
√
Z δρ(x) (field-strength renormalization)
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L(0)
int = − 1

Λ4
∗
(∂µδρ ∂

µδρ)(∂νρ ∂
νδρ)− 1

4Λ4
∗
(∂µδρ ∂

µδρ)2

Inside Vainshtein core (r ≪ RV ):

L(0)
int ∼

∂rδρZ (∂µδρZ ∂
µδρZ )

ΛB
2 − (∂µδρZ ∂µδρZ )

2

4ΛB
4

where ΛB ≡
√
ZΛ∗ ≫ Λ∗

⇒ Blueshift !!!

source
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⇒ Blueshift !!!

source
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Higgs Classicalizer: Interaction Terms

Inside Vainshtein core (r ≪ RV ):

photon effective mass:

meff
A ∼ eZ

(
3
r

ℓ∗

)

︸ ︷︷ ︸
≫1

Λ∗

4 photons coupling:
W+

W−

W+

W−

γ/Z

W+

W−

W+

W−

γ/Z

γ γ

γ γ

Figure 3: Tree level Feynman diagrams for W+W− → W+W− scattering without the Higgs
boson.
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Figure 4: Higgs boson exchange diagrams for W+W− →W+W− scattering at tree level.

if d < 4, the operator is called relevant since it becomes more and more important at energies
E < ΛSM. If d = 4 (which includes the kinetic terms), then the operator is equally important at
high and low energies and is called marginal.

Note that irrelevant operators are non-renormalizable (d > 4) but, in the modern EFT point
of view, SMEFT is perturbatively renormalizable as long as one computes observables at an order
in 1/ΛSM that is consistent with the truncation of (2.3) at a given dimension d [12–14]. When
the energy E ∼ ΛSM , an infinite number of operators with d > 4 becomes equally important:
one starts to reconstruct the propagation of the particles in the UV completion—like the W
boson propagator (2.2) in the Fermi theory—and the EFT becomes obsolete. An upper bound
on ΛSM can be set by taking ci,d ∼ 1, then the EFT becomes strongly coupled for E ∼ ΛSM :
perturbative unitarity is lost, and the EFT truncation breaks down.

2.2 Why Does the Higgs Boson Suggest New Physics?

Why does the Higgs boson suggest the existence of new physics? This question drives all our
work, so it is essential to answer it clearly in order to understand what is at stake.

Before answering this question, it is crucial to understand why the Higgs boson is essential
within the SM. First of all, it provides a mechanism for particles to acquire mass [15–22]. Indeed,
the gauge sector of the SM taken on its own does not include mass for particles. Since they
are forbidden by EW gauge symmetries, we know that weak gauge bosons as well as fermions
possess mass, but if we attempt to add a mass term in an explicit manner, we violate unitarity
perturbatively at the TeV scale. The so-called Higgs mechanism [15–20] elegantly solves this by
generating these masses through EWSB [21, 22], which predicts the existence of a new physical
scalar particle: the Higgs boson.

As we mentioned, without the Higgs boson, the perturbative calculation of the cross section
for certain processes, such as the W+W− → W+W− scattering shown in Fig. 3, increases with
energy until it violates unitarity around 1 TeV [23–26]. This violation of perturbative unitarity
results from the longitudinal polarization states of the W bosons, which do not exist for massless
gauge bosons with only transverse polarizations. The introduction of the Higgs boson resolves

7

∝ e4Z
2

4

(
3
r

ℓ∗

)4

︸ ︷︷ ︸
≫1

source

⇒ Not possible to define ΛB ...
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Chameleon Mechanism

Idea: modifying the coupling constant e → eeff ≪ 1 for r ≪ RV

→ Lgauge = −
1
4
ea(ζ)FµνF

µν , ζ ≡ ϕ∗ϕ

Λ2
∗

Aµ → Ãµ = ea(ζ)/2Aµ ⇒ e → eeff = e−a(ζ)/2e

Constraints on a(ζ):

Entire function of ζ
Linear regime: a(ζ) −→

ζ→0
0

Non-linear regime: a(ζ) −→
ζ≫1

+∞

But new terms pop up...
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Conclusion & Outlooks

What is left to do:

Study the coupling of quantum fluctuations with chameleon mechanism

Study of linear parametrization and gauge fixing

Main problem come from covariant derivatives

⇒ New model:
(∂µΦ ∂

µΦ)2

Λ8
∗

, with Φ = H†H
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Colliders & Classicalization

Classicalon
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ϕ

ϕ
ϕ

ϕ

ϕ
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...
...

Strong coupling_
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2030
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2070
FCC-hh
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10 × L

precision 

~ 10 TeV
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Effective Field Theory

EFT: Framework to describe physics at a given energy scale E , independently of unknown
high/low energy dynamics, e.g. Fermi theory of weak interactions

νe e−

d u

W −→
q2 ≪ m2

W

νe e−

d u

Figure 1: Left: The full description of a weak interaction process at tree level through the
exchange of a heavy W boson of coupling gW to fermions. Right: The same process in the
effective Fermi theory of weak interactions in the low-energy limit (q2 ≪ m2

W ). The heavy
mediator is “integrated out”, and its physical effects are encapsulated into a single effective
vertex (represented by the black dot) with a coupling strength GF ∼ g2W /m2

W .

2 Theoretical Foundations and Motivations

2.1 What Is an Effective Field Theory?

An EFT [12, 13] is a framework designed to describe physical phenomena at a specific energy
scale E without requiring complete knowledge of the underlying dynamics at much higher or
lower scales.

A good example would be the transition from an exchange of a heavy mediator to a contact
interaction in the Fermi theory of weak interactions, as illustrated in Fig. 1. To see how this
works mathematically, let us take a look at the propagator of the W boson:

−i(gµν − qµqν/m2
W )

q2 −m2
W

. (2.1)

In the low-energy limit, where the momentum transfer q2 is much smaller than the W boson
mass mW , we can perform a Taylor expansion:

1

q2 −m2
W

= − 1

m2
W

(
1 +

q2

m2
W

+
q4

m4
W

+ · · ·
)
. (2.2)

This illustrates how the heavy degrees of freedom are “integrated out” to leave only a local
interaction in the EFT: one can then describe weak interactions at E ≪ mW with only the light
fermionic degrees of freedom. The higher-order terms in the expansion correspond to higher-
dimensional operators1 in the EFT, these are suppressed by powers of the heavy mass scale
mW .

The main feature behind the logic of an EFT is the separation of scales: the physics of
the ultraviolet (UV) regime (characterized by high energies and short distances) is effectively
encapsulated within the parameters of the infrared (IR) theory, which governs the long-distance
dynamics. For example, the hydrogen atom provides another compelling illustration of this
principle. To calculate its energy levels, one does not need the exact value of the top quark
mass mt; only the proton mass mp is required. Nevertheless, a link exists between these two
parameters: the proton mass depends on the confinement scale of quantum chromodynamics
(QCD), which is itself influenced by heavy quark mass thresholds, leading to a relationship
typically of the form mp ∝ m1/27

t [13]. Thus, the fundamental high-energy theory constrains the
low-energy EFT through its coupling constants and symmetries.

1In the EFT jargon, the term “higher-dimensional operators” refers to non-renormalizable interaction terms.
We will use this jargon in the following.

5

−i(gµν − qµqν/m
2
W )

q2 −m2
W

−→
q2≪m2

W

1
q2 −m2

W

= − 1
m2

W

(
1 +

q2

m2
W

+
q4

m4
W

+ · · ·
)
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Wilsonian UV-completions

E

Λ

M

X

X, Y

E

Λ

X

Y

← strong

weak

weak

weak

e.g. Fermi theory of weak interactions

E

Λ

M

X

X, Y

E

Λ

X

Y

← strong

weak

weak

weak

e.g; QCD; X =quarks, gluons and Y =
baryons, mesons,...
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Classicalon Solution with a Complex Scalar Field

LX = (∂µϕ)
∗(∂µϕ) +

c2

Λ4∗

[
(∂µϕ)

∗(∂µϕ)
]2

+
1
Λ∗

(ϕ∗J + ϕJ∗)︸ ︷︷ ︸
LJ

, where J = − 1√
2
(E1 + iE2) δ

(3)(r)

→ linear parametrization: ϕ(x) = 1√
2
[ϕ1(x) + iϕ2(x)]

Euler-Lagrange equations:

ϕ′
i −

c2

Λ4∗

(
E
Ei

)2

ϕ′
i
3 =

Ei

r2ΩΛ∗

Background solution:

ϕ
′
i

Λ2∗
=



(
Ei
E

)(
RV
r

)2
≪ 1 for r ≫ RV (linear regime),

O(1) for r ∼ RV (transition regime),

(−c2)
−1/3

(
Ei
E

)(
RV
r

)2/3
≫ 1 for r ≪ RV (non-linear regime),
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An Analogy with Black Holes

Illustration from arXiv:1312.2006
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https://arxiv.org/abs/1312.2006
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