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+ …

Standard notion of Naturalness

These QDs are the main source of UV-sensitivity

Introduce a UV cutoff Λ in the SM

(3𝑦𝑡
2/8𝜋2)Λ2 (9𝑔2/64𝜋2)Λ2 (𝜆2/16𝜋2)Λ2
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Naturalness in mass-independent schemes

Additive corrections at the matching scale

E.g. SM extended by a heavy scalar singlet S: 𝛿𝑚2 ∼ 𝜆𝐻𝑆𝑀𝑆
2

Mass-independent schemes are useful to study Naturalness, but

Mass-independent schemes project out these QDs

No fine-tuning in mass-independent schemes? Not necessarily

• QDs are manifested at the threshold scale 

• Manifesting the QDs requires an Ansatz of the UV embedding
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Naturalness in mass-dependent schemes

3/14Juan P. Garcés (MPIK)

Physical effects of QDs contribute to the RGEs

• Dynamical decoupling of heavy particles

• UV sensitivity incorporated along the RG flow

• And…

Allows to study fine-tuning without an Ansatz of the UV embedding!
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Why the fRG?

6/14Juan P. Garcés (MPIK)

Mass-dependent renormalization scheme

Possibility to explore non-perturbative physics

• Incorporates QDs, the main source of fine-tuning, smoothly along the flow

• Model-independent study of fine-tuning

• Allows access to the phase structure and critical surface

• E.g. large anomalous dimensions
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critical surface
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Summary
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The mass-like character of the fRG allowed us to study the fine-tuning

problem in a model-independent way

• SM-like theories with large scale separations are not only fine-

tuned but also near quantum critical

A simplified approach to study the effect of new physics on naturalness

reproduces the large anomalous dimension solution

Extended the standard fine-tuning discussion by connecting to the

notion of quantum criticality
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Thank you!
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Backup slides
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New-physics deformations 𝜕𝑡 ҧ𝜇2 = 𝜕𝑡 ҧ𝜇2 𝑆𝑀 + 𝑐1 ⋅ ҧ𝜇2 + 𝑐2

𝜕𝑡 ҧ𝜆 = 𝜕𝑡 ҧ𝜆
𝑆𝑀

+ 𝑐3 ⋅ ҧ𝜆 + 𝑐4

𝑐1,3 ⊃

𝑐2 ⊃

𝑐4 ⊃
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Consequences for the (little) hierarchy problem

Δ ҧ𝜇𝑟𝑒𝑙
2

Δ
B
G
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New-physics deformations
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Standard view of Naturalness

Juan P. Garcés (MPIK)

Δ ∼ 𝜆𝐻𝑆𝑀𝑆
2

𝑚
𝐻2
𝜇

𝜇 = MS
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Fine-temperature analogy
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Previous Wilsonian studies of Naturalness

Juan P. Garcés (MPIK)

Krajewski, Lalak [1411.6435]

Gies, Schmieden, Zambelli [2306.05943]

Aoki, Iso [1201.0857]

Yamada [2004.00142]

• Moving Λ𝑄𝐶𝐷 closer to 𝑣𝐸𝑊 in the SM reduces fine-tuning

• Gravity effects does not necessarily spoil the SM naturalness 

• Fine-tuning in a Higgs-Yukawa model using the fRG

• Physical contributions of QD diagrams cannot be projected out

LIO Conference 2025

https://arxiv.org/search/hep-ph?searchtype=author&query=Krajewski,+T
https://arxiv.org/abs/1411.6435
https://arxiv.org/abs/2306.05943
https://arxiv.org/abs/1201.0857
https://arxiv.org/abs/2004.00142
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Mass and flow



Los vs. polynomial running
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Critical exponents
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Distance to critical surface
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IR observables
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