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Hierarchy Problem

Radiative corrections
to the Higgs mass:

𝛿𝑚𝐻
2 ∼ −

3𝑦𝑡
2

4𝜋2
Λ𝑈𝑉
2

Top partner at Λ𝑈𝑉 ∼ 500 GeV!

LHC ՜ ``Naturalness Hits a Snag with Higgs’’
N. Craig, APS Physics 13 (2020) 174

Symmetry?
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Wilsonian EFT

[N. Craig, CERN Courier, 2022]

[S. Mooij, M. Shaposhnikov, Nucl. Phys. B 990 (2023) 116172]

[A. Hebecker, Lect. Notes Phys. 979 (2021) 1-313]
[R.T. D'Agnolo, HDR Thesis, Paris-Saclay U., 2022]
[M. McCullough, TASI 2024, arXiv:2412.15744]

K.G. Wilson

https://doi.org/10.1103/Physics.13.174
https://cerncourier.com/a/naturalness-after-the-higgs/
https://arxiv.org/abs/2110.05175
https://doi.org/10.48550/arXiv.2008.10625
https://cea.hal.science/tel-04444180/
https://doi.org/10.48550/arXiv.2412.15744


Breaking the Wilsonian Picture
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Wilsonian UV-completions

UV

IR

`Pandora’s box’ of non-local QFT

`Ouroboros’ of UV/IR mixingBreaking of locality
(microcausality)

Light scalars?

[N. Craig, S. Koren, JHEP 03 (2020) 037]
[F. Nortier, arXiv:2511.01739]

G. Isabella, PhD Thesis, Paris-Saclay University, 2023

Drawing from a late medieval Byzantine Greek alchemical manuscript [source]

https://doi.org/10.48550/arXiv.1909.01365
https://doi.org/10.48550/arXiv.2511.01739
https://theses.hal.science/tel-04205232v1
https://en.wikipedia.org/wiki/Ouroboros


UV/IR Mixing in Gravity

4
[S. Fichet, P. Saraswat, JHEP 01 (2020) 088]

strong gravity

Δ𝐿 ∼ ℓPl
2 𝐸

wave-particle duality

Δ𝐿 ∼ 1/𝐸

Strong gravity?
Strings?

Deep UV ՞ Deep IR

[O. Aharony, T. Banks, JHEP 03 (1999) 016]
[S.B. Giddings, Subnucl. Ser. 48 (2013) 93-147]

Planck length ℓPl = 1/𝑀Pl

≡ Minimal length scale
֜ Non-locality!

Fuzzy light cone

[J. Boos, Springer Theses, arXiv:2009.10856]

K. Schwarzschild

L. de Broglie

Energy

https://doi.org/10.48550/arXiv.1909.02002
https://doi.org/10.48550/arXiv.hep-th/9812237
https://doi.org/10.48550/arXiv.1105.2036
https://doi.org/10.48550/arXiv.2009.10856


Classicalization in Gravity
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[G. Dvali, C. Gomez, arXiv:1005.3497]
[G. Dvali et al., Phys. Rev. D 84 (2011) 024039]
[G. Dvali et al., JHEP 11 (2011) 070]

Hard scatterings of gravitons 𝑠 ≫ 𝑀Pl

՜ Violation of perturbative unitarity!

Classicalization ՜ Unitarity non-perturbatively!

Entropy suppression:

Multi-particle production by Hawking radiation:

2՜BH՜2

2 2 = ෍

𝑚=1

𝑒
𝑆⊛
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∼𝛿𝑚𝑛

∼ 1
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𝑆⊛ ∼ 𝑁⊛ ≫ 1

BH

BH

Black hole decay
(Hawking radiation)

𝜔 ∼
1

𝑅𝑆
≪ 𝑀Pl ≪ 𝑠

[S.C. Park, Prog. Part. Nucl. Phys. 67 (2012) 617-650]

2՜𝑁⊛ ≫ 1

𝑠 ≫ 𝑀Pl

𝑀Pl

𝑠

Black holes
(semi-classical)

Planckions
(strong + quantum)

Gravitons
(weak + quantum)

Self-completion

https://doi.org/10.48550/arXiv.1005.3497
https://doi.org/10.48550/arXiv.1006.0984
https://doi.org/10.48550/arXiv.1103.5963
https://doi.org/10.48550/arXiv.1203.4683


Classicalization of Scalars
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[G. Dvali et al., JHEP 08 (2011) 108]
[G. Dvali et al., Phys. Lett. B 699 (2011) 78-86]
[C. Grojean, R.S. Gupta, JHEP 05 (2012) 114]
[F. Nortier, arXiv:2511.01739]

Λ∗

𝑠

Classicalons
(semi-classical)

Fuzzyons
(strong + quantum)

Bosons
(weak + quantum)

- Scalar self-interactions with derivatives ∼ 𝑇𝜇𝜈 (energy-momentum tensor)

- Unitarization via 2՜𝑁⊛ ≫ 1

- e.g.: dark energy theories (k-essence, Galileon)
- Massive bosons ֜𝑚 < 𝜔 ≪ Λ∗ = 1/ℓ∗ ֜ Little hierarchy for consistency!

mass energy Classicalizing
scale

Classicalization radius:

𝑅⊛ = ℓ∗
𝑀⊛

4𝜋Λ∗

𝛽

≫ ℓ∗ , 𝛽 > 0

depends on 
self-interaction

Particle in a box:

𝜔2 = 𝑚2 +
𝜋

2𝑅⊛

2

𝛿𝑚2 ∼ Λ∗
2

G. Dvali C. Gomez G.F. Giudice A. Kehagias

https://doi.org/10.48550/arXiv.1010.1415
https://doi.org/10.48550/arXiv.1011.0114
https://doi.org/10.48550/arXiv.1110.5317
https://doi.org/10.48550/arXiv.2511.01739


K-essence Model
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[A. Joyce et al., Phys. Rept. 568 (2015) 1-98]
[P. Brax et al., Phys. Rev. D 94 (2016) 4, 043529]
[F. Nortier, arXiv:2511.01739]

K-essence Lagrangian:

ℒ𝑘 =
1

2
𝜕𝜇𝜙𝜕𝜇𝜙 +

𝑐2
4Λ∗

4
𝜕𝜇𝜙𝜕𝜇𝜙

2
+ 𝜙 ⋅ 𝐽(𝑥)

Pointlike external source:

𝐽(𝑥) = −
ℰ

Λ∗
𝛿 3 (Ԧ𝑟)

Vainshtein radius 𝜙
′
∼ Λ∗

2 :

𝑅𝑉 = ℓ∗
ℰ

4𝜋Λ∗

𝜙
′
(𝑟)

Λ∗
2

∼
𝑅𝑉
𝑟

2

≪ 1

𝜙
′
𝑟

Λ∗
2

∼
𝑅𝑉
𝑟

2
3

≫ 1

𝑅𝑉

Blueshifted
interaction scale:

Λ∗
blue

Λ∗
= 𝑍𝜙 ≫ 1

Quantum fluctuations (𝑟 ≪ 𝑅𝑉):

𝛿𝜙 𝑥 = 𝜙 𝑥 − 𝜙
′
(𝑟)

𝛿𝜙𝑍 𝑥 = 𝑍𝜙 ⋅ 𝛿𝜙(𝑥)

𝑍𝜙 𝑟 ∼
𝜙
′
𝑟

Λ∗
2

2

≫ 1 Vainshtein screening

Linear
regime

Non-linear
regime

Classicalization radius from

self-interactions ( 𝑠 ∼ 𝑀⊛):

𝑅⊛ = ℓ∗
𝑀⊛

4𝜋Λ∗

1
3

Field equation for the background ത𝜙(𝑥):

∇ ⋅ ∇ 𝜙 −
𝑐2
Λ∗
4
∇ 𝜙

2
∇ 𝜙 =

ℰ

Λ∗
𝛿 3 Ԧ𝑟

Gauss
theorem

𝜙
′
𝑟 −

𝑐2
Λ∗
4
𝜙
′3
𝑟 =

1

4𝜋𝑟2
⋅
ℰ

Λ∗

Real solution if 𝑐2 = −1.

A.I. Vainshtein

https://doi.org/10.48550/arXiv.1407.0059
https://doi.org/10.48550/arXiv.1607.01129
https://doi.org/10.48550/arXiv.2511.01739


K-chameleon Model
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[F. Nortier, arXiv:2511.01739]

Potential (ℤ2-breaking):

𝑉⊝ 𝜙 =
𝜆

4!
𝜙2 − 𝑣2 2

𝑅𝑉

Dominates over non-linerarities of k-essence
՜ Conflict with Vainshtein screening!

𝑅𝐶

VEV

Chameleon screening:
ത𝜙 ≫ Λ𝜙

Vainshtein screening:
ത𝜙′ ≫ Λ∗

2
𝜙 𝑥 ՜

ℤ2
− 𝜙(𝑥)

𝒱⊝(𝜙) =
𝜆

4!
Λ𝜙
4 tanh

𝜙2 − 𝑣2 2

Λ𝜙
4

𝑉⊝ 𝜙

Λ𝜙
4

Solution = Chameleon screening (Λ𝜙 ∼ Λ∗ ≫ 𝑣):

Quantum fluctuations are suppressed in screening regions:

tanh
ത𝜙 + 𝛿𝜙

Λ𝜙

4

ഥ𝜙 ≫Λ𝜙
1 − 2𝑒

−2
ഥ𝜙
Λ𝜙

4

෍

𝑛=0

𝑁0
𝛿𝜙

ത𝜙

𝑛

𝑃𝑛
ത𝜙

Λ𝜙
+ 𝑜

𝛿𝜙

ത𝜙

𝑁0

Chameleon radius:
𝑅𝐶
𝑅𝑉

=
Λ∗
Λ𝜙

⋅
𝑅𝑉
ℓ∗

≫ 1

https://doi.org/10.48550/arXiv.2511.01739


K-chameleon & Yukawa Coupling
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[F. Nortier, arXiv:2511.01739]

𝑅𝑉

𝑅𝐶

VEV

Chameleon screening:
ത𝜙 ≫ Λ𝜙

Vainshtein screening:
ത𝜙′ ≫ Λ∗

2

Yukawa coupling to a fermion:

ℒ𝜓 =
𝑖

2
ത𝜓𝛾𝜇𝜕𝜇𝜓 − 𝑦 𝜙𝜓𝑅

†𝜓𝐿 + h. c.

Parities (ℤ2-symmetry):
𝜓𝐿(𝑥)՜

ℤ2
+ 𝜓𝐿(𝑥), 𝜓𝑅(𝑥)՜

ℤ2
− 𝜓𝑅(𝑥), 𝜙(𝑥)՜

ℤ2
− 𝜙(𝑥)

Chameleon screening (Λ𝜓 ∼ Λ∗):

𝑦՜𝑦𝑐 𝜙 = 𝑦𝑒
−

𝜙
Λ𝜓

2

New derivative interaction (Λ∗
′ ∼ Λ∗):

ℒ𝜓 −
𝜕𝜇𝜙𝜕𝜇𝜙

2Λ∗
2

𝑖 ത𝜓𝛾𝜇𝜕𝜇𝜓

2Λ∗
′ 2

Problem with radiative corrections to 𝛿𝜙𝑍 mass:

𝛿𝑚2(𝑟)

Λ∗
2

∼
𝑦4

16𝜋2
𝑟

ℓ∗

2

≫ 1

Solve the problem with radiative corrections:

𝛿𝑚2(𝑟)

Λ∗
2

∼
𝑦4

16𝜋2
𝑒
−4

ഥ𝜙 𝑟
Λ𝜓

2

𝑟

ℓ∗

2

≪ 1

Blueshifted interaction scales:
Λ∗
blue

Λ∗
= 𝑍𝜙 ≫ 1 and   

Λ∗
′ blue

Λ∗
′ = 𝑍𝜓 ≫ 1

𝜓𝑍 𝑥 = 𝑍𝜓 ⋅ 𝜓(𝑥)

𝑍𝜓 𝑟 ∼
𝜙
′
𝑟

2Λ∗Λ∗
′

2

≫ 1Classicalization

https://doi.org/10.48550/arXiv.2511.01739


Summary & Outlook

Thank you for your Attention! 10

Summary:

՜ UV/IR mixing is a radical approach to the hierarchy problem motivated by the little hierarchy problem.

՜ Black holes realize a UV/IR mixing in gravity: Classicalization is a generalization to fields of other 

spins.

՜ Scalar fields with derivative interactions naturally incorporate classicalization via Vainshtein screening.

՜ The addition of a potential or non-derivative couplings to other fields needs to implement chameleon 

screening.

Outlook:

՜ Gauge fields + Higgs mechanism?

՜ Phenomenology of classicalons?
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Classical vs Quantum Non-linearities in Gravity

General relativity
(classical non-linearities 𝛼cl)

ℒGR ∼ 𝑀Pl
2 −𝑔ℛ ∼ ℎ𝜕2ℎ +෍

𝑛≥2

ℎ𝑛𝜕2ℎ

𝑀Pl
𝑛−1

֜𝛼cl ∼
ℎ

𝑀Pl
∼

𝑀

𝑀𝑃𝑙
2 𝑟

∼
𝑅𝑆
𝑟

Higher curvature terms
(quantum corrections 𝛼q)

ℒh.c. ∼ −𝑔ℛ2 + −𝑔ℛ𝜇𝜈ℛ
𝜇𝜈 +⋯

∼ ෍

𝑛≥2, 𝑚≥4

𝜕𝑚ℎ𝑛

𝑀Pl
𝑚+𝑛−4

֜𝛼q ∼
𝜕2

𝑀Pl
∼

1

𝑀Pl
2 𝑟2

Linerarized gravity:

𝑔𝜇𝜈 = 𝜂𝜇𝜈 +
ℎ𝜇𝜈

𝑀Pl

Pointlike mass: 
𝑀 ≫ 𝑀Pl

ℎ ∼
𝑀

𝑀Pl𝑟

𝑅𝑆

[K. Hinterbichler, Rev. Mod. Phys. 84 (2012) 671-710]
[A. Joyce et al., Phys. Rept. 568 (2015) 1-98]

J. Khoury, arXiv:1312.2006

Credit: Roen Kelly/Discover
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https://doi.org/10.48550/arXiv.1105.3735
https://doi.org/10.48550/arXiv.1407.0059
https://doi.org/10.48550/arXiv.1312.2006

