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Introduction Results Outlooks and conclusion
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The Standard Model

leptons

quarks

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

= Need precision for the Higgs

Higgs boson

weak bosons
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Key motivation for new physics for over 40 years!

(mg®? = (mi)?  +  dsm(mp)
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Contributions from

Higgs mass radiative corrections to
measured at LHC Hizes mass
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E < Asm

contains contributions
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Hierarchy Problem

dsm(m2) ( Asu \°
(m=®2 = \ 500 Gev

= New physics < 1 TeV to screen UV contributions to (mf)?
ex: supersymmetric particles, target of LHC | — not observed . ..

— Little hierarchy: Agym > my = unnatural fine-tuning!
ex: ~ 1% in supersymmetry
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New Approach: UV/IR Mixing

Scalar case

b N > 1
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: A, > my

S,
.
e o7
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Classicalization via Vainshtein Screening

Lx = 0,0 0"6 + %(5uq’) 9")°
&K

classicalization trigger

47\,
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Classicalization via Vainshtein Screening

&) 2 1
Lx =0,00"¢ + F(Bu(/)a“@ — A_*g 53 (r)
classicalization trigger =Ly : source term

47\,
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Classicalization via Vainshtein Screening

1
Lx = 0,00+ 15 (0,00"0)" — —£69(r)
o Euler-Lagrange equation:
¢/ . 2¢/3 — 1 £
A% 4rr2 A,
&
47\,

Non-linear regime

!

— RN\2/3
% ~ (—V> >1
* r Linear regime

. )
R)
%”(%) <1
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The Abelian Higgs Mechanism

= 2 FuF™ £ (Du0)"(D"9) — V(9)

V(g) = 12 ¢"¢+ A (¢79)?
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The Abelian Higgs Mechanism

EHiggs = _%FMUF”V + (Du¢)*(DM¢) - V(¢)

V(#) = 42 #"+ X (67¢0)"

<0 >0

.. -
— minimun: (¢) = £v = £,/ -
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EHiggs = _%F/,WFHV + (DH¢)*(D#¢) - V(¢)

V(#) = 42 #"+ X (67¢0)"
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.. -
— minimun: (¢) = +v = 4,/ 4~
1

@ Polar parametrization: ¢(x) = ﬁp(x)e"e(x) — unitary gauge: ¢(x) = \/iip(x)

Re(¢)
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The Abelian Higgs Mechanism

EHiggs = _%FMDF#V + (Dugb)*(D'qu) - V(¢)

V(#) = 42 #"+ X (67¢0)"

<0 >0
.. -
— minimun: (¢) = +v = 4,/ 4~
1

@ Polar parametrization: ¢(x) = \/Ep(x)e"e(x) — unitary gauge: ¢(x) = \/iip(x)

Re(¢)

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

= LHiggs O %e2v2AuA" : photon acquires a mass ! o0

photon goldstone

=m2
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Prototype Model of a Higgs Classicalizer

Goal: embed Higgs mechanism in a classicalization framework

Lx = 3 FuF™ 4+ L3+ (0,0)" (96) + 2 [(0,0)" (9"6))
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Prototype Model of a Higgs Classicalizer

Goal: embed Higgs mechanism in a classicalization framework
Lx = —2F0 F 4 £+ (Dyd)* (D"6) + 2 [(Dua)* (D'6)]>
x = =g FuF" £ L+ (Du0) (0"9) + 35 [(Du9)" (D"9)]
where D, = 0, + ieA,

o Polar parametrization: ¢(x) = %p(x)e"e(x) — unitary gauge: ¢(x) = %p(x)

e Quantum fluctuations: p(x) = p(x) + dp
r < Ry

ek 1,

— we treat the photon perturbatively:
A, =0A,
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Higgs Classicalizer: Kinetic Terms

Lun = 20 (000" — (9030 ~ B - (0,507

with (9a0p)? = 4 (090p)? + 25 (0,,0p)>
Inside Vainshtein core (r < Ry):

1
Liin ~ 5 [(0:6pz)* — (8adpz)? — 2(0rdpz)?]

where §pz(x) = V/Z dp(x) (field-strength renormalization)
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Higgs Classicalizer: Interaction Terms

1

L — qv
LR = = 73 OuSp 0" 30D 9" 60) — 333 (0409959
Inside Vainshtein core (r < Ry ):
£©  9:0pz(9,0pz 0"3pz) _ (9"dpz 9.0pz)°
int /\82 4/\34
where Ag = VZA, > A,
Z>1

12/16



Introduction Results Outlooks and conclusion
00000000 00000 00

Higgs Classicalizer: Interaction Terms

1

L — qv
LR = = 73 OuSp 0" 30D 9" 60) — 333 (0409959
Inside Vainshtein core (r < Ry ):
£©  9:0pz(9,0pz 0"3pz) _ (9"dpz 9.0pz)°
int /\82 4/\54
where Ag = VZA, > A,
Z>1

= Blueshift !!!
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Higgs Classicalizer: Interaction Terms

Inside Vainshtein core (r < Ry):

@ photon effective mass:
S~ eZ (3—
my ~e 36 A

@ 4 photons coupling:
Z>1

v v
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Higgs Classicalizer: Interaction Terms

Inside Vainshtein core (r < Ry):

@ photon effective mass:

— strong
>1 .
coupling
@ 4 photons coupling:
Z>1
v v
Z? r\*
4

e*— | 3—

—_———
v o >1

= Not possible to define Ag...
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Chameleon Mechanism

Idea: modifying the coupling constant e — e.f < 1 for r < Ry

¢*9
A2

1
— Egauge = _Zea(C)FpDFHV, C =

A, — A~# _ ea(C)/2AH = e eg=e /2
Constraints on a({):
o Entire function of ¢
o Linear regime: a(¢) — 0
¢—0

@ Non-linear regime: a({) — +o0
¢>1
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Chameleon Mechanism

Idea: modifying the coupling constant e — e, < 1 for r < Ry

¢*9
A2

1
— Lgauge - _Zea(()FpDFHV7 C =

A, — A= ea(C)/zA# = e—eg=c /%
Constraints on a(¢):

o Entire function of ¢

o Linear regime: a(¢) — 0
¢—0

@ Non-linear regime: a({) — +o0
¢>1

But new terms pop up...
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Conclusion & Outlooks

o What is left to do:

o Study the coupling of quantum fluctuations with chameleon mechanism

o Study of linear parametrization and gauge fixing
@ Main problem come from covariant derivatives
= New model:

(0,0 0" D)2

3 . with ®=HH
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Colliders & Classicalization EFT Wilsonian UV-completions Detailed calculations BH Analogy
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Colliders & Classicalization
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EFT

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

Ve e
Ve e
W q2<<m$V
—

d b d u

_i(g;w - quV/m%/V) 1 - 1 q2 q4
P . o = (Tt

q° — My gr<my, g7 — My, my my My
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Colliders & Classicalization EFT
[e]

Wilsonian UV-completions Detailed calculations

Wilsonian UV-completions

weak { A formmmmmmmemeeees

L

e.g. Fermi theory of weak interactions

E
Y weak
A [——— < strong
X weak

e.g; QCD; X =quarks, gluons and Y =
baryons, mesons,...

BH Analogy
o]
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Detailed calculations

Classicalon Solution with a Complex Scalar Field

Lx = (0,0)'(0°0) + 15 [(0,0)'(0"6))" + - (5 +67'),  where J = — (1 +i€2) 8

\/7
| S ——
Ly

— linear parametrization: ¢(x) = %[d)l(x) + id2(x)]

;G2 /3 Ei
- ,\4( ) 6=

Euler-Lagrange equations:

Background solution:

2
(%) (RTV) <1 for r > Ry (linear regime),

Az for r ~ Ry (transition regime),

2/3
(—c) 13 (g) (R—,‘/) > 1 for r < Ry (non-linear regime),

()

a/s
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An Analogy with Black Holes

g K 1
g K1

a) Vainshtein

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