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Project

• Neutrino cross sections for LBL experiments:
different targets, fluxes, cross sections, distributions 

★ OPERA

★ LAGUNA (accelerator, atmospheric neutrinos; bgd to proton decay)

• Main goal: reduce systematic uncertainties on ν oscillation 
parameters

• Collaboration between LAPP and LPSC

★ LPSC: I. Schienbein (staff), Ji-Young Yu (visiteur benevolé) 

★ LAPP: D. Duchesneau (staff), ...

• Integrated in neutrino pole activities of ENIGMASS

• Additional expertise at LPSC: 
model building, family symmetries, GUTs

★ A. Wingerter (Post-Doc)
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Motivations
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Neutrino physics Neutrino physics ´́ Nuclear physics Nuclear physics

Neutrino properties:
What we know

 very weakly interacting, electrically neutral, spin-1/2
 3 light 'SM-families' (  n

e 
,  n

µ 
,  n

t  )
 neutrinos oscillate

  
´ m

n 
π 0

What we want to know
 neutrino paramters: Dm2 , mixing angles, CP violation
 further questions: Majorana or Dirac neutrinos? ns?,...

Detection by neutrino-nucleus scattering:
 reveal neutrino properties
 measure neutrino fluxes
 learn about nuclear and nucleon structure

small nN cross sections Æ heavy targets Æ nuclear corrections
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Long Baseline experiments

Long Baseline experiments

• Long Baseline Experiment

Nearby Det.

ν L = O(A few 100 km)

Faraway Det.
measurements:

– neutrino flux

– neutrino energy spectrum

– cross sections for the various
reactions

– observation of charged and
neutral current reactions

LBL beam place L < Eν > Target Year
K2K 12 GeV KEK→ SK 250 km 1.4 GeV Water running

proton
MINOS NUMI Fermilab→ 732 km 3, 7, Iron 2005

Sudan 15 GeV
ICARUS CNGS CERN SPS→ 732 km 17 GeV Argon 2005
/OPERA Gransasso Lab. Iron

Note:

• K2K: νµ disappearance

• MINOS:
– measurements of NC/CC ratio
– ντ , νe appearance and νµ disappearance

• OPERA/ICARUS: ντ , νe appearance

Near detector:

 neutrino flux
 neutrino beam energy spectrum
 cross sections before oscillation

Far detector:

 observation of charged and 
neutral current reactions

LBL Beam Place L [km] <Eν> [GeV] Target Year Goals

K2K 12 GeV proton KEK → SK 250 1.4 H2O 1999-2004 νμ

T2K 50 GeV proton JParc → SK 295 ~0.6 H2O 2010-
νμ, νe ; θ13, δ
Δm232, θ23

νA x-secs.

MINOS NuMI FNAL → Soudan 735 3, 7, 15 Fe 2005-2014
NC/CC ratio
νμ , νe; θ13;  νS

OPERA CNGS CERN → GS 732 17 Pb 2008-2012 ντ

NOvA NuMI FNAL → Ash River 810 ~2 liquid scint. 2013-
νμ, νe ; θ13, δ

mass hierarchy
νA x-secs.
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Neutrino cross sections

Wednesday, May 30, 12



Neutrino nucleon interactions

Neutrino nucleon interactions: Overview

• Resonance production (RES)

ν(ν̄)

N

q

l−(l+)

R

π±,0

N ′

Charged Current (CC):
ν(ν̄)+N → l−(l+)+N +π±,0

Neutral Current (NC):
ν(ν̄) + N → ν(ν̄) + N + π±,0

• Deep inelastic scattering (DIS)

ν(ν̄)

N

q

l−(l+)

X

CC: ν(ν̄) + N → l−(l+) + X

NC: ν(ν̄) + N → ν(ν̄) + X

• Quasi-elastic scattering (QE)

ν(ν̄)

N

q

l−(l+)

N ′

CC: ν(ν̄) + N → l−(l+) + N ′

NC: ν(ν̄) + N → ν(ν̄) + N ′

• Need these cross sections on free nucleons and nuclear targets
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Neutrino cross sections at atmospheric Neutrino cross sections at atmospheric nn energies energies

Paschos,JYY,PRD65(2002)033002

P. Lipari, hep-ph/0207172
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Nuclear effectsNuclear effects

● Pauli principle
● Fermi motion
● Multiple scattering

➢ Charge exchange
➢ Absorption

Paschos,Pasquali,JYY,NPB588(2000)263
Need the cross sections on free 
nucleons and nuclear targets

Nuclear effects:

Pion multiple scattering inside the nucleusDeep inelastic scattering:
• nuclear PDFs
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RES

QE DIS
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Q2 spectrum in comparison with BNL data 

● Included higher resonances: P11, S11, D13 in addition to P33 (dominant D resonance)
● Q2>0.02 GeV2: good agreement with data  
● Q2<0.02 GeV2: a discrepancy with the data
● Pauli factor has a small influence 

Paschos,JYY,Sakuda,PRD69(2004)014013
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Progress
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Deep inelastic scattering (DIS)

• nCTEQ nuclear PDFs:
http://projects.hepforge.org/ncteq

• global analysis of νA DIS + lA DIS + DY data

• nPDF useful to compute nuclear corrections for OPERA

• possibly need to include target mass corrections (TMC) and higher 
twist (HT) contributions: Minerva will tell

• we see different nuclear corrections in neutrino DIS as compared to 
charged lepton DIS

• OPERA: dominated by DIS

Wednesday, May 30, 12
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nCTEQ global analysesnCTEQ global analyses

 Analysis of nA DIS data: PRD77(2008)054013

 Used for the first time nA data to constrain nPDF

 Indications that nuclear effects in nA DIS different!

 Analysis of lA DIS + DY data: PRD80(2009)094004

 Considerable extension of global analysis package

 Excellent c2/ d.o.f = 0.95

 Agreement with other nPDF analyses: validation

 Analysis of lA DIS +  nA DIS + DY data: PRL106(2011)122301

 Established different nuclear effects in nA DIS

 Important consequences for precision observables 

(sin2 q
w
 , q

13
,

 
proton PDFs Æ strange PDF Æ W,Z prod)
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Nuclear corrections: HistoricallyNuclear corrections: Historically

● Historically, nuclear corrections from charged-lepton DIS data are applied to 
  neutrino DIS data

● Same correction for all scales Q2 

● Same correction for all observables (F
2
, F

3
, cross section, dimuon production) 

● Idea: study nuclear corrections in the parton model (PM) using nuclear PDF

EMC effect

Rise due to
Fermi motion

Anti-shadowing
enhancement

Shadowing
suppression
at small x
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Nuclear correction factors Nuclear correction factors 

w=∞ w=0
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Nuclear correction factors Nuclear correction factors 

w=∞ w=0

● Nuclear effects in lA DIS and A DIS are different!

● Important for global analyses of (nuclear) PDF

● Important for neutrino precision observables
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Dedicated cross section measurements

• Expertise in the LPSC theory group on neutrino cross sections at LBL experiments 
(QE, RES, DIS)

• Observables:

• Cross sections (total and differential)

• Event numbers at near and far detector

• Nuclear correction factors for OPERA

• Improvements in the future:

• Improved form factors, structure functions, nuclear effects;
higher resonances, higher twist

• Minerva, MiniBooNE, MINOS; JLAB

• T2K, NOvA

• Reduce systematic error on Eν reconstruction and hence on neutrino oscillation 
parameters 
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The End
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Single pion production on heavy targets
[Paschos,Schienbein,Yu,arXiv:0704.1991 [hep-ph]]

 Single pion electroproduction cross sections in the Delta(1232) region

 Final state interactions (multiple scattering, absorption) in ANP model
 Clear signal:  p0

 production reduced by 40%; p+  nearly unchanged!

Look at double ratios:
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