
Marco Martini 

1 30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 

NUFACT 2017   

WG2 Summary   
Neutrino Scattering Physics    



30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 2 

WG2  Scattering Physics -- Statistics  
Total of 26 presentations 

 
2 Plenary talks 
 

7 Talks in joint WG1+2 sessions 
 
17 Talks in WG2 sessions 
  

18 Experimental talks 
 

6 Theoretical talks 
 
2 MC generators talks 
 

Exp Theo 

MC 

Many thanks to all speakers and participants in WG2 
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• Nuclear targets (C, O, Ar, Fe…) 
 

• The neutrino energy is reconstructed 
from the final states 

 

Modern accelerator-based neutrino oscillation experiments  
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The knowledge of the neutrino-nucleus cross section is crucial  
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-Today the cross sections are known with a precision not exceeding 20%  
-Today in the oscillation experiments the systematics associated to the cross section  
uncertainties are ~10% before ND constraints and ~5% after ND constraints  



• Different reaction mechanisms contribute to the cross section 

Some crucial points of the accelerator-based  experiment   

• The neutrino energy is reconstructed from the final states of the reaction 
     (typically from CC Quasielastic events) 

T2K 
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•  Neutrino beams are not monochromatic (at difference with respect to electron beams)  
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μ 

X 

Deep  
Inelastic  
Scattering 

Different reaction mechanisms contribute to the cross section 
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2 protons 

ArgoNeut 

Marco Del Tutto 
Xiao Luo 
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Marco Del Tutto 



MiniBooNE CC Quasielastic cross section on Carbon and the MA puzzle    

Comparison with a prediction based on RFG using the standard value of MA=1.03 GeV  
in the dipole parametrization of the axial form factor (see L. Alvarez-Ruso talk) 

reveals a discrepancy  

In the Relativistic Fermi Gas (RFG) model an axial mass of 1.35 GeV is needed to account for data 

AIP Conf. Proc. 1189: 139-144 (2009); Phys. Rev. D 81, 092005 (2010)  

puzzle??   

p.s. Relativistic Fermi Gas: Nucleus as ensemble of non interacting fermions (nucleons)  
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Comparison of different theoretical models for Quasielastic    

L. Alvarez-Ruso , arXiv:1012.3871 (Neutrino 2010)  

SF: Spectral Function 

LFG: Local Fermi Gas 

RPA: Random Phase 
Approximation 

RMF: Relativistic Mean Field 

GiBUU: Transport Equation  

puzzle??   

9 30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 

Comparison of models and Monte Carlo: 
Boyd, Dytman, Hernandez, Sobczyk, Tacik , 
AIP Conf.Proc. 1189 (2009) 60-73 
 



An explanation of this puzzle    

M. Martini, M. Ericson, G. Chanfray, J. Marteau, Phys. Rev. C 80 065501 (2009) 

Agreement with MiniBooNE without increasing MA   
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Genuine CCQE    

Two particles-two holes (2p-2h)    

W+ absorbed by a pair of nucleons     

CCQE-like = Genuine CCQE + np-nh    
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Inclusion of the multinucleon  emission channel  
(np-nh = 2p-2h + 3p-3h)    



Martini, Ericson, Chanfray,  
Phys. Rev. C 84 055502  (2011) 

CCQE-like flux-integrated double differential cross section  
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MiniBooNE,  Phys. Rev. D 81, 092005 (2010)  • Less model dependent than (E)  

• Flux dependent   
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  The multinucleon emission channel (or np-nh, or 2p-2h) 

• Explanation of the axial mass puzzle 

• Today there is an effort to include this np-nh channel in several Monte Carlo (Hayato talk) 

• A lot of interest in these last years 

• It was not included in the generators used for the analyses of  experiments 

• Several theoretical calculations agree on 
its crucial role but there are some 
differences on the results obtained for this 
channel 

12 30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 

Morfin et al.  Adv. HEP 2012 934597 
M. Martini,  M. Ericson, G. Chanfray, Phys. Rev. D 87 013009 (2013) 

• One of the most important source of 
systematic errors in oscillation 
experiments because it affects the 
neutrino energy reconstruction 
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CC0 = CCQE-like without subtraction of  absorption background   
It is increasingly more popular to present the data in terms of final state particles (e.g. 1, 0, any p)    

T2K - Ciro Riccio 

Maria Barbaro 

SuSAv2 + 2p2h MEC 
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Yoshinari Hayato 
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Alessandro Lovato GFMC: an ab-initio microscopic approach   
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Noemi Rocco 
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Joanna Sobczyk 

Spectral function + RPA 
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Maria Barbaro 



30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 19 

Maria Barbaro 
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Raul Gonzalez Jiménez 

Ghent group 
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Ciro Riccio 

• In order to understand the CCQE and multi-nucleon excitations, 
further detailed information on hadrons are necessary 

• There is a growing interest to use hadron information  



30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 22 

Ciro Riccio 
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Ciro Riccio 
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Sandro Bravar, Patrick Cheryl 

MINERvA 
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Patrick Cheryl, Sandro Bravar MINERvA 
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Patrick Cheryl, Sandro Bravar MINERvA 
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Rather large scaling  ( 50 % overall,  x2 in dip region) is necessary 

Cheryl, 
Bravar,  
Hayato,  
McFarland 

Megias et al.  
PRD 94 (2016) 

Remind: other microscopic calculations have 2p-2h contributions larger than the Valencia ones  

Hayato Barbaro: SuSAv2+MEC 

MINERvA 
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Keigo Nakamura 

T2K 
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Marco Roda 

GENIE Tuning against CC0 datasets (MiniBooNE, T2K, MINERvA) 



30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 30 

Kirk Bays 
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Kirk Bays NOvA 



30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 32 

Ciro Riccio 

• Precise inclusive cross section measurements are very important  

T2K 
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Ciro Riccio 

T2K 



30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 34 

Edgar Valencia, Sandro Bravar 

Linda Cremonesi To be released this year 

NOvA 

MINERvA 
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Yoshinari Hayato • The pion puzzle 
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Raul Gonzalez Jiménez 
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Edgar Valencia 

MINERvA 
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Other recent MINERvA results Edgar Valencia 
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Linda Cremonesi 



30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 40 

Yoshinari Hayato 
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Justin Hugon 
LArIAT 
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Yosuke Ashida 



30/09/2017 M.Martini - NUFACT 2017 WG2 Summary 43 

Nicola McConkey, Marco Del Tutto, Xiao Luo 
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Nicola McConkey 
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Nicola McConkey 
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Marco Del Tutto 
Xiao Luo 
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DUNE ND 
Hongyue Duyang 
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Mathieu Lamoureux 
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Cristovao Vilela 
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Sven-Patrik Hallsjo 

nuSTORM 
like 

Baby MIND 
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Kenneth Long 



WG2: Neutrino cross sections - Summary  

- Many new experimental, theoretical  and  Monte Carlo results have been presented 
 

- Experiment : high precision data sets; hadron information 
 

- Theory: interesting and promising new developments 
 

- Monte Carlo: effort going into implementation of new models/idea 
 
 

Collaboration between experiments, theorists and generators is crucial 
 
 

- 2p-2h remains an hot topic: discussed in 13/26 talks, mentioned in 22/26 (and in many plenaries) 

 
- The one pion production puzzle is still open  
 
- New ND idea for current and future LBL experiments 
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Exp Theo 

MC 

Thanks again to all speakers and participants in WG2  
and thank you for your attention 


