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1. Why Fuzziness?  Beating Electroweak Naturalness→

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

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

 New

Symmetry?

→ Bunch of new particles @ ΛS ~ TeV Scale (LHC)
→ Little Hierarchy Problem!Wilsonian EFT → EW Naturalness:

EWSB → Light Scalar:

higher-spin
symmetry

dilatation
symmetry
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1. Why Fuzziness?  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 & al, arXiv:1805.03559

TeV Fuzziness! → LHC?

Particle

https://inspirehep.net/literature/1375061
https://inspirehep.net/literature/2093882
https://inspirehep.net/literature/2689342
https://inspirehep.net/literature/1306264
https://inspirehep.net/literature/1672387
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2. Fuzzy Tachyon Condensation  → The Ghosts Strikes Back!

Tachyon Condensation ϕ4 → μ2 > 0

→ Z2 spontaneous symmetry breaking

nonlocal mass      local mass

no ghost-free factorization! 

∞ tower
of ghost-like excitations!

(tachyon)

(meson)

Galli, Koshelev, arXiv:1011.5672

Biswas, Kapusta, Reddy, arXiv:1201.1580

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

Koshelev, Tokareva, arXiv:2006.06641

Nortier, arXiv:2307.11741

ϕ(x) = v + σ(x)

https://inspirehep.net/literature/879103
https://inspirehep.net/literature/1083895
https://inspirehep.net/literature/1672165
https://inspirehep.net/literature/1800778
https://inspirehep.net/literature/2679346
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Tachyon Condensation ϕ4 → μ2 > 0

→ Z2 spontaneous symmetry breaking

nonlocal mass      local mass

no ghost-free factorization! 

∞ tower
of ghost-like excitations!

(tachyon)

(meson)
Possible solution → Local mass counter-term:

→ Ghosts arise also in the gauge sector!

But no local gauge invariant mass counter-term…

→ Go back home… or find a new solution!

BUT Higgs mechanism:

Adjust δμ → Ghost-free σ-vacuum (asymptotic states) 

ϕ(x) = v + σ(x)

Galli, Koshelev, arXiv:1011.5672

Biswas, Kapusta, Reddy, arXiv:1201.1580

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

Koshelev, Tokareva, arXiv:2006.06641

Nortier, arXiv:2307.11741

2. Fuzzy Tachyon Condensation  Revenge of the Ghosts→ !

https://inspirehep.net/literature/879103
https://inspirehep.net/literature/1083895
https://inspirehep.net/literature/1672165
https://inspirehep.net/literature/1800778
https://inspirehep.net/literature/2679346
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3. Fuzzy Electroweak Model  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) = real entire function on complex plane

ϑ(-z) = ϑ(z),   z = p2/Λ2 → spacelike ~ timelike p

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

Important property: 

https://inspirehep.net/literature/2679346
https://inspirehep.net/literature/2722353
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3. Fuzzy Electroweak Model  Toy Abelian Higgs Model→

Goal → Propagators ~
→ Ghost-free!

unitary gauge:drop
gauge cloud:

Ghost-free factorization

→ 

Alternative possibility for Higgs quartic term:

→ Local mass counter-terms to be ghost-free!
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3. Fuzzy Electroweak Model  A Fuzzy Standard Model (FSM)→

Pure gauge sector:

Pure Higgs sector:

EWSB

→ Same masses as SM!

Fermionic sector:

Yukawa couplings (1 generation):

Yukawa couplings (N generations):

Linearity of star-product → Same flavor structure as SM!
→ 1 CP violating phase, GIM mechanism
→ Approximate flavor symmetries:

(broken only by Yukawa couplings)



  

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”

D = 4 → Super-renormalizability! (at least 1 loop UV-divergences)

→ What about the FSM?

12

3. Fuzzy Electroweak Model  Renormalizable Gauge/Gravity Theories?→

https://inspirehep.net/literature/288882
https://inspirehep.net/literature/440559
https://inspirehep.net/literature/1346941
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4. Conclusion & Outlook

Recap:

Fuzzy Interactions → Naturalness & Quantum Gravity

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

Outlook:

→ Better understanding of loop corrections: fuzzy window ~ Λ for a gauge theory?

→ Study of naturalness in the FSM (i.e. loop corrections to mH)

→ TeV scale phenomenology? → Little Hierarchy Problem?

→ Include gravity with the star-product

→ ...

Other attempts:

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

Modesto, arXiv:2103.05536

https://inspirehep.net/literature/1672165
https://inspirehep.net/literature/1850797


  
Thank You for your Attention!
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GR
SM

BSM

Fuzziness  Another “Flashy” BSM Scenario?→

“Barbenheimer” Meme



  

Appendix  Inverted Hierarchy→

μ2/Λ2



  

Appendix  Ahierarchy→

μ2/Λ2



  

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

https://inspirehep.net/literature/784457


  

Appendix  String Field Theory→



  

Appendix  Macrocausality→

Fuzzy light cone
→ Macrocausality!



  

Appendix  Analyticity & Unitarity (1/2)→



  

Appendix  Analyticity & Unitarity (2/2)→



  

Appendix  Form Factor (1/2)→



  

Appendix  Form Factor (2/2)→



  

Appendix  Renormalization of Fuzzy Yang-Mills→



  

Appendix  Black Holes vs Fuzzstar (1/2)→



  

Appendix  Black Holes vs Fuzzstar (2/2)→
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