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FCC: Future Circular Collider
 CERN Council: “The FCC appears technically feasible”
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Motivation for the LHC

Slide taken from a talk 
by J. R. Ellis

4th International Symposium on 
the History of Particle Physics
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Motivation for the LHC
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Perturbative unitarity bound on the Higgs
➔ Often described as a “no-lose argument”

➔ Without Higgs, longitudinal WW scattering grows with s:

 

 

Phys.Rev.Lett. 38 (1977) 883-885
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➔ Often described as a “no-lose argument”

➔ Without Higgs longitudinal WW scattering grows with s:

 

➔ Perturbative unitarity breaks down

➔ A Higgs boson restores unitarity

 

Phys.Rev.Lett. 38 (1977) 883-885

Either a Higgs boson exists, or new 
EW  dynamics must appear around the 

TeV scale



“Lee-Quigg-Thacker WW partial wave 
amplitude used to bound the Higgs mass

is ill defined

10
Pablo Quílez Lasanta

Phys.Rev.Lett. 38 (1977) 883-885

2510.08784 Fuentes, Grinstein, and PQ
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Partial wave unitarity
➔ Probabilities add up to 1 => S-matrix is unitary
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➔ Partial-wave expansion

➔ Partial-wave perturbative unitarity bound
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Partial wave unitarity
➔ Probabilities add up to 1 => S-matrix is unitary

 

 

➔ Partial-wave expansion: s- wave

➔ Partial-wave perturbative unitarity bound: s- wave
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LQT Higgs mass bound
➔ The t-channel photon exchange was not included     

(they focused on ∝ m2
H and 1/p expansion)
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LQT Higgs mass bound
➔ The t-channel photon exchange was not included     

(they focused on ∝ m2
H and 1/p expansion)

➔ T-channel contribution to s-wave diverges!

 



➔ Strong evidence for prescription
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Taming singularities in partial waves
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2510.08784 Fuentes, Grinstein, and PQ
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Non-relativistic exact solution First order relativistic 

R. H. Dalitz, Proc. Roy. Soc. Lond. A 206, 509 (1951)



➔ Strong evidence for prescription

18

Taming singularities in partial waves

Pablo Quílez Lasanta
2510.08784 Fuentes, Grinstein, and PQ

Non-relativistic exact solution First order relativistic 

R. H. Dalitz, Proc. Roy. Soc. Lond. A 206, 509 (1951)
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Quasi-perturbative unitarity bound on mH

Pablo Quílez Lasanta
2510.08784 Fuentes, Grinstein, and PQ
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Quasi-perturbative unitarity bound on mH

Pablo Quílez Lasanta
2510.08784 Fuentes, Grinstein, and PQ

Phys.Rev.Lett. 38 (1977) 883-885

Quasi-perturbative unitarity bound:
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What is next?

➔ Prove it! with Ryan Plestid

➔ SMEFT with B. Grinstein and M. Fuentes-Zamoro

➔ Other EFTs with light states: ALP EFT, dark photon, …

 

 



23

Hilbert series

Pablo Quílez LasantaPablo Quílez Lasanta

➔ Extremely useful and powerful tool to count stuff

➔ Hilbert series for covariants:  Minimal Flavor Violation SMEFT = SMEFT 

➔  Accidental symmetries (+ friendship relation among groups)

➔ Operators in EFTs (solved* problem)

➔  If you need to count sth, talk to me!

Fermions

Cohomology operators

Generalized symmetries

JHEP 2412.05359 Grinstein, Lu, Miró, PQ

See papers by Xiaochuan Lu

JHEP 2312.13349  Grinstein, Lu, Merlo, PQ
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Multiple axions: A sum rule

N QCD maxions

Based on 2305.15465 - Pablo Quílez
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Multiple axion DM: Landau-Zener

Based on 2305.15465 and 2507.06287 - Pablo Quílez
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Conclusions
➔ Partial-wave perturbative unitarity bounds become ill-defined when a massless 

particle is exchanged in the t-channel.

➔
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Conclusions
➔ Partial-wave perturbative unitarity bounds become ill-defined when a massless 

particle is exchanged in the t-channel.

➔ Hilbert Series are cool 

➔ AxionS are too

 



Thank you


