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1. UV/IR Mixing1. UV/IR Mixing  Beating Electroweak Naturalness→  Beating Electroweak Naturalness→

Radical: Breakdown of (local) QFT
(e.g. UV/IR mixing, Gravity)

Gauge Hierarchy: ΛEW ~ 100 GeV << ΛP ~ 1018 GeV

 New

Symmetry?

→ Bunch of new particles @ ΛS ~ EW/TeV Scale (LHC)

→ Little Hierarchy Problem!Wilsonian EFT → EW Naturalness:

EWSB → light scalar = Higgs boson



  

1. UV/IR Mixing1. UV/IR Mixing  Asymptotic Darkness in Gravity (1/3)→  Asymptotic Darkness in Gravity (1/3)→

String Theory? 
or String-like bound states?

Quantum Field Theory
→ Locality

Einstein Gravity → Self-Completion

Minimal Length Scale → Weak Nonlocality

Deep-UV = Deep-IR

Black Holes ~ BE Condensates of Gravitons

Aharony, Banks, arXiv:hep-th/9812237

Dvali, Gomez, arXiv:1005.3497

Dvali, Gomez, Kehagias, arXiv:1103.5963

Dvali, Gomez, arXiv:1207.4059

Dvali, Gomez, Isermann, Lüst, Stieberger, arXiv:1409.7405

Dvali, Gomez, arXiv:1312.4795

https://arxiv.org/abs/hep-th/9812237
https://arxiv.org/abs/1005.3497
https://arxiv.org/abs/1103.5963
https://arxiv.org/abs/1207.4059
https://arxiv.org/abs/1409.7405
https://arxiv.org/abs/1312.4795


  

1. UV/IR Mixing1. UV/IR Mixing  Asymptotic Darkness in Gravity (2/3)→  Asymptotic Darkness in Gravity (2/3)→

Giddings, Porto, arXiv:0908.0004

https://arxiv.org/abs/0908.0004


  

1. UV/IR Mixing1. UV/IR Mixing  Asymptotic Darkness in Gravity (3/3)→  Asymptotic Darkness in Gravity (3/3)→

Maybe, Gravity Maybe, Gravity is notis not the Problem… the Problem…

Perhaps, Gravity Perhaps, Gravity isis the Key! the Key!



  

1. UV/IR Mixing1. UV/IR Mixing  Species Scale & Unitarity→  Species Scale & Unitarity→

Gravitational
Species Ngrav

Matter
Species Nmat

Energy Energy Dvali-Gomez-Lüst Species Conjecture:

Self-completion of gravity → Ngrav ≥ Nmat

Black
Holes

ParticlesParticles

Black
Holes

Dvali, Gomez, Lüst, arXiv:1206.2365

In the SM + GR:
Ngrav ~ 1 << Nmat ~ 100

grav spec spec
graviton graviton

https://arxiv.org/abs/1206.2365


  

1. UV/IR Mixing1. UV/IR Mixing  Gravitizing the Standard Model→  Gravitizing the Standard Model→

An Exotic Program:An Exotic Program:

Matter Species (IR)  Gravitational Species (UV)→Matter Species (IR)  Gravitational Species (UV)→



  

SummarySummary::

1. UV/IR Mixing1. UV/IR Mixing

2. Fuzziness2. Fuzziness

3. Conclusion & Outlook3. Conclusion & Outlook



  

1. Fuzziness1. Fuzziness  Exorcizing Higher-Derivative QFT’s→  Exorcizing Higher-Derivative QFT’s→

∂4-Scalar QFT → Polynomial in ∂ → Local

Propagator: UV ~ 1/k4 → Better UV behavior!

m = 0 →

Poles: k2 = 0 & k2 = -1/α < 0

Particle
Ghost

Stability (-iε)
or

Unitarity (+iε)

Woodard, arXiv:1506.02210

Platania, arXiv:2206.04072

Kubo, Kugo, arXiv:2308.09006

Prototype → ∂∞-Scalar QFT → Weakly Nonlocal!

,

Ghost-free form factor → UV finiteness!

Pole:      k2 = -m2

Scalar Naturalness: λ ϕ4

Stabilization of EWSB?

Biswas, Okada, arXiv:1407.3331

Buoninfante, Lambiase, Mazumdar, arXiv:1805.03559

TeV Fuzziness! → LHC?

Particle

https://inspirehep.net/literature/1375061
https://inspirehep.net/literature/2093882
https://inspirehep.net/literature/2689342
https://arxiv.org/abs/1407.3331
https://arxiv.org/abs/1805.03559


  

2. Fuzziness  →2. Fuzziness  → The Ghosts Strikes BackThe Ghosts Strikes Back

Tachyon Condensation ϕ4 → μ2 > 0

→ Z2 spontaneous symmetry breaking

nonlocal mass      local mass

no ghost-free factorization! 

∞ tower
of ghost-lilke excitations!

(tachyon)

(meson)

Hashi, Isono, Noumi, Shiu, Soler, arXiv:1805.02676

Nortier, arXiv:2307.11741

ϕ(x) = v + σ(x)

→Problem also for Higgs mechanism!
(gauge sector haunted by ghost-like tower)

https://arxiv.org/abs/1805.02676
https://arxiv.org/abs/2307.11741


  

2. Fuzziness  Star-Product: A New Hope→2. Fuzziness  Star-Product: A New Hope→ !!

Nortier, arXiv:2307.11741

Chattopadhyay, Nortier, arXiv:2311.08311

Φ(x) = field in a representation r of the gauge group

ϑ(z) = entire function on complex plane

Non-covariant star-product (asterisk) of fields:

→Linear & commutative but non-associative in general!

Important property: 

Covariant star-product of fields:

non-covariant
star-product

covariant dressing
= gauge cloud

https://arxiv.org/abs/2307.11741
https://arxiv.org/abs/2311.08311


  

Goal → Propagators ~
→ Ghost-free!

unitary gauge:drop
gauge cloud:

Ghost-free factorization 

Generalization to Fuzzy Standard Model (FSM):

2. Fuzziness  Ghost-Free Higgs Mechanism→2. Fuzziness  Ghost-Free Higgs Mechanism→

Yukawa couplings (N generations):

Linearity of star-product → Same flavor structure as SM!

Nortier, arXiv:2307.11741

Chattopadhyay, Nortier, arXiv:2311.08311

https://arxiv.org/abs/2307.11741
https://arxiv.org/abs/2311.08311


  

2. Fuzziness  Vainshtein Screening & Naturalness→2. Fuzziness  Vainshtein Screening & Naturalness→

→ Unitarity violation? E >> nonlocal scale

Field redefinition + Form factor expansion:

→ Classicalizing operator! (Vainshtein screening)

→ Classicalons production (~ BH in gravity):

Vainshtein radius:

Pure Higgs Sector Toy Model:

Hard scattering limit: ϑ(z) = -z

Dvali, Giudice, Gomez, Kehagias, arXiv:1010.1415

Grojean, Gupta, arXiv:1110.5317

Chattopadhyay, Nortier, arXiv:2311.08311

https://arxiv.org/abs/1010.1415
https://arxiv.org/abs/1110.5317
https://arxiv.org/abs/2311.08311
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3. Conclusion & Outlook3. Conclusion & Outlook

Recap:

Self-Completion of Gravity → Asymptotic Darkness → Gravitizing the SM with Fuzziness

Fuzzy Interactions → Vainshtein Screening → Naturalness & Little Hierarchy!

Ghost-Free Condition → Issues with Tachyon Condensation! → New Star-Product & FSM

Outlook:

→ Fuzzy Gauge & Yukawa Couplings → Vainshtein Screening?

→ Understanding of “Fuzzy Regime”, Quantum Corrections, etc

→ TeV Scale Phenomenology? → Classicalons & Fuzzyons?

→ ...

Other attempts:

Hashi, Isono, Noumi, Shiu, Soler, arXiv:1805.02676

Modesto, arXiv:2103.05536

https://arxiv.org/abs/1805.02676
https://arxiv.org/abs/2103.05536


  
Thank You for your Attention!Thank You for your Attention!

GRGR
SMSM

BSMBSM

Fuzziness  Another “Flashy” BSM Scenario?→Fuzziness  Another “Flashy” BSM Scenario?→

“Barbenheimer” Meme



  

Appendix  Inverted Hierarchy→Appendix  Inverted Hierarchy→

μ2/Λ2



  

Appendix  Ahierarchy→Appendix  Ahierarchy→

μ2/Λ2



  

Appendix  No Ghosts in an EFT (Weinberg’s Footnote, →Appendix  No Ghosts in an EFT (Weinberg’s Footnote, → arXiv:0804.4291arXiv:0804.4291))

https://inspirehep.net/literature/784457


  

Appendix  String Field Theory→Appendix  String Field Theory→



  

Appendix  Macrocausality→Appendix  Macrocausality→

Fuzzy light cone
→ Macrocausality!



  

Appendix  →Appendix  → AnalyticityAnalyticity & Unitarity (1/2) & Unitarity (1/2)



  

Appendix  Analyticity & Unitarity (2/2)→Appendix  Analyticity & Unitarity (2/2)→



  

Appendix  Kuz’min-Tomboulis Form Factors (1/2)→Appendix  Kuz’min-Tomboulis Form Factors (1/2)→

Fuzziness + Gauge invariance (local) → Competition: propagators vs vertices
Kuz’min, Sov.J.Nucl.Phys. 50 (1989) 1011

Tomboulis, arXiv:hep-th/9702146

Modesto, Rachwal, arXiv:1503.00261

Power Counting Theorem → Asymptotically Polynomial: p(z) 

UV Locality IR Nonlocal Dressing

→ Interpolates btw “Normal QFT’s” & “Higher-Derivative QFT’s”

Even D → Super-renormalizability! (at least 1 loop UV-divergences)

Odd D → UV finiteness!

https://inspirehep.net/literature/288882
https://inspirehep.net/literature/440559
https://inspirehep.net/literature/1346941


  

Appendix  Kuz’min-Tomboulis Form Factors (2/2)→Appendix  Kuz’min-Tomboulis Form Factors (2/2)→



  

Appendix  Black Holes vs Fuzzstar (1/2)→Appendix  Black Holes vs Fuzzstar (1/2)→



  

Appendix  Black Holes vs Fuzzstar (2/2)→Appendix  Black Holes vs Fuzzstar (2/2)→
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