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Why do we care?
About neutrino collisions and the pions they can produce

δCP and neutrino mass hierarchy

1σ uncertainties in cross sections from current neutrino event
generators, partially due to bad π0 handling. 1

Single pion production calculations involving Delta resonance
are vitally important in the step from T2K to H2K. 2

1arXiv:1905.13101 [hep-ph]
2arXiv:2303.03222 [hep-ex]
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Vertex needs structure that looks like Γµ, to contract with
Lorentz indices of vector boson.
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Form factors
General structure
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Scherer, S. (2003). Introduction to Chiral Perturbation Theory

C.H. Llewellyn-Smith, (1972). Neutrino reactions at accelerator energies

Symmeteries: Time, G-parity, CVC, and PCAC

Nucleon form factors can be determined from electron
scattering.
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Figure: W-boson nucleon form factors
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Delta resonances
Form factors and Lorentz structures for N,∆, π vertex
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Form factors and Lorentz structures for N,∆ EW vertex
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Higher energy effects
Eν dependant

Higher resonances such as N∗, ∆∗: 1.5GeV . Eν . 3GeV
I Multiple pions can be easily produced

Strange mesons and resonances: 2GeV . Eν . 5GeV

DIS: Eν & 3GeV



SHERPA
A Monte-Carlo event generator



MC technology

What Sherpa has: What needs implementing:

Great phase space
integration

Framework for DIS neutrino
scattering

Hadronisation

Ability to do incoming
neutrino flux

Form factors

GI Delta couplings



Invariant mass plot
ep → epπ0



What’s next?

Implementing consistent theory into MC event generator

Comparison against electron scattering data, and other
neutrino event generators

Including nuclear effects beyond Fermi gas model


