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• Detailed microscopic cross sections calculations for neutrino-induced pion 

production
• Formalism valid over a broad energy range
• Taking into account as many nuclear physics aspects as feasible

AIM
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I. Single pion production on the nucleon – low energy model
Resonances 

             + 
ChPT background

P33 (1232), P11(1440), D13 (1520), S11 (1535)

Cfr. (HNV) PRC 76, 033005 (2007), PRD87, 113009 (2013)
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I. Single pion production on the nucleon – low energy model 

Vector current

➔ Comparison to data and MAID07

➔ Satisfactory description of inclusive 
structure functions for electroproduction 
of π+
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I. Single pion production on the nucleon – low energy model 

J.E. Sobczyk et al., Phys. Rev. D 98, 073001 (2018)
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Neutrino reactions

➔ No detailed dataset available

➔ Comparison of different models around 
the Δ peak at low Q2 qualitatively agree

➔ Angular distributions also in agreement 
although the structure functions differ
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I. Single pion production on the nucleon – low energy model 

Constraints from π + N scattering at Q2 = m
π

2

Issues from background diagrams show up at W ~ 1.5 GeV
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T2K nuwro

T2K CC1π+

➔ Comparison of LEM to 
T2K data shows 
significant contributions 
from high W region

I. Single pion production on the nucleon – low energy model 
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Reggeizing the vector current : CVC –  based on models for electroproduction of charged pions

II.High energy model : vector part

• M. Guidal, J.-M. Laget, and M. Vanderhaeghen, Nucl. Phys. A627, 645 (1997).
• M. Kaskulov and U. Mosel, Phys. Rev. C81, 045202 (2010).
• M. Vanderhaeghen, M. Guidal, and J.-M. Laget, Phys. Rev. C57, 1454 (1998).
• T. Vrancx and J. Ryckebusch, Phys. Rev. C89, 025203 (2014).

p(e,e’ π+)

n(e,e’ π-)

π(140)/b1(1235) propagator
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Regge recipe :
• Identify the appropriate Regge trajectories
• Establish t-dependence of amplitude
• Replace propagator by Regge propagator

Regge theory provides the s dependence of the amplitude at high energies
The t-dependence is modeled from the low energy diagrams  (GLV approach) 

II.High energy model- Regge approach in a nutshell
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II.High energy model – results for electron scattering
LEM

ReChi
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Identify the Regge trajectory for the axial current

II.High energy model : axial part

ρ(770)/a2(1320) propagator

ALEXIS NIKOLAKOPOULOS                                           NUSTEC BOARD MEETING, DECEMBER 10, 2019



II.High energy model 

Data :P. Allen et al. Nucl. Phys. B264, 221 
(1986).

Fit single parameter to 8 datapoints
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I. Single pion production on the nucleon – Hybrid model 

Constraints from π + N scattering at Q2 = m
π

2
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➔ ν
e
+ p → π+ + p 

Nakamura et al.
➔  Arxiv:1506.03403v2
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I. Single pion production on the nucleon – Hybrid model 

Constraints from π + N scattering at Q2 = mπ
2
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➔ ν
e
+ n → π+/0 + p/n 

Nakamura et al.
➔  Arxiv:1506.03403v2



IV.Hybrid model – put the nucleon in a nucleus

RPWIA approach compared to MiniBooNE Minerva and T2K  (arXiv:1803.03163 and arXiv:1710.08374)

+ comparison with NuWro final state
+ investigate effect of medium modifications

➔ Consistency between T2K, Minerva and NuWro comparisons, underestimate MiniBooNE always.

➔ Not always consistent between different channels.
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IV.Hybrid RPWIA  model – results
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V.Nuclear matrix element – distorted final state

Going beyond the RPWIA:

➔ Propagate final state nucleon with 
the RMF self-energy

Significant 
reduction around the 
Delta
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V.Nuclear matrix element – distorted final state

Arxiv: 1904.10696
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V.Extending the Hybrid model – distorted final state

12C(νμ,μπ+)
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Summary & Outlook 

• Detailed microscopic cross sections calculations for neutrino-induced pion production
• Formalism valid over a broad energy range
• Taking into account as many nuclear physics aspects as feasible
• Estimate effect of FSI in comparing with NuWro
• Further study the effect of nuclear distortion for neutrino data
• Improve and constrain the high-energy model with pion scattering data and by duality
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