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Polarized Electroweak Boson Scattering
at Very High Energies

Snowmass on the Zoom-issippi: EF04 Group Meeting

Richard Ruiz1

Center for Cosmology, Particle Physics, and Phenomenology (CP3)
Université Catholique de Louvain, Belgium

November 5 2020

1on behalf of many collaborators
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the LoI’s big question
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Question: How does the electroweak theory behave at very high energies?

Snowmass 21 LoI: SNOWMASS21-TF7_TF0-EF4_EF0-026

Many fascinating ways to explore this, e.g., EW parton showers and PDFs
see Keping Xie’s talk next!

One focus: polarized EW boson scattering (in three parts)
R. Ruiz - CP3, Universite Catholique de Louvain Polarized VBS - Snowmass21 EF04 Group Meeting 3 / 12
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Polarized Electroweak Boson Scattering at High Energies
Why?

Polarization measurements test V ± A (chiral) structure in (B)SM
Polarization and VBS test gauge+unitarity structure in (B)SM
VBS/VBF is just super cooooool!
High-energy VBS explores EW symmetry in massless limit
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Part I: Automated predictions from polarized matrix elements
(Polarized Matrix Elements from MadGraph5)2
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2w/ D. Buarque Franzosi, O. Mattelaer, S. Shil [1912.01725]
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Generating helicity-polarized events at LO with the Monte Carlo event
generator MadGraph5 is as easy as simulating unpolarized processes
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Just be careful to set which frame the polarizations are defined
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Part II: Exploring VBF with multi-TeV muon colliders3

3w/ A. Costantini, F. De Lillo, F. Maltoni, L. Mantani, O. Mattelaer, X. Zhao [2005.10289]
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LOTS of results, but notworthy that WλWλ′ parton luminosities (Φ) at a
µ+µ− can exceed those of pp collider
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Part III: Automated Predictions
for the Effective Vector Boson Approximation4

f(pA, λA)

V (q, λV )

B(pB, λB)

X({pX}, {λX})

f ′(p1, λ1)

4w/ A. Costantini, F. Maltoni, O. Mattelaer, et al [soon]
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At very high scales Q ≫ MW ,MZ , EW bosons can be treated as partons
a.k.a. the Effective W Approximation [Dawson(’85); Kane, et al (’84); Kunszt and Soper (’88)]

W /Z PDFs will be available very soon in MadGraph5
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How the EW theory behaves at very high energies is being explored!

Exploring polarized matrix elements with MadGraph5
w/ D. Buarque Franzosi, O. Mattelaer, S. Shil [1912.01725]

Exploring EW VBF with multi-TeV muon colliders
w/ A. Costantini, F. De Lillo, F. Maltoni, L. Mantani, O. Mattelaer, X. Zhao [2005.10289]

Exploring the Effective W /Z Approximation with MadGraph5
w/ A. Costantini, F. Maltoni, O. Mattelaer, et al [soon!]
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Thank you.
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