
WG2 Summary  
~ Neutrino interactions ~

Please refer to the following two plenary talks 
together with the presentations in WG2 session

• Summary of Theoretical Challenges Coming from NuInt09 
(Luis Alvarez Ruso, Universidad de Murcia) 

• Review of Current and Future Neutrino Cross-Section Experiments 
(David Schmitz, Fermilab) 

WG2 Conveners
Y.Hayato
K. McFarland
J. Nives



• Introduction
Energy spectrum of various neutrino beams

~ Hadron production experiments ~
Requirements from the experiments 

• Quasi-elastic scattering
• Single pion productions
• Coherent pion productions
• Deep inelastic scattering

• New experiments to measure cross-sections
• Flux measurements ~ hadron production ~
• Other related topics

Deeply virtual neutrino production of π0

Application to the other experiments
~ Cross-section of Dark matter ~

Outline



Energy spectrum of various neutrino beams
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Hadron production experiments ( R. Schroeter
 

)

Important to reduce systematic uncertainties
in the neutrino oscillation experiments.

Estimate flux at the near and the far detectors.
Also essential input to extract ν

 
cross-section.



Hadron production experiments ( R. Schroeter
 

)



Requirements ~ neutrino oscillation experiments ~
Need to understand the neutrino interactions

from 0.5 GeV to 30GeV

Current understanding of interactions is not sufficient
especially to study the CP violation.

• In CP violation studies, error should be less than a few %.

• Next generation experiments ( θ13

 

measurements ) 
~10 % ( might be 15~20%? )

 
of uncertainty is allowed. 

( depends on the parameter, of course ) 

Also we need appropriate prescriptions to simulate events.
( Fast enough to generate millions of simulated events 

in reasonable amount of time. )



Quasi-elastic scattering ( R. Tayloe
 

)



Quasi-elastic scattering
Low energy experiments

( R. Tayloe
 

)



Quasi-elastic scattering
Recent results in low energy experiments

MA
eff=1.35±0.17 

MiniBooNEK2K SciFi
shape only fits Q2>0.2(GeV/c)2

MA

 

=1.20±0.12 (GeV/c2)

Preliminary SciBooNE results 
also indicates larger MA

( R. Tayloe
 

)



NOMAD MINOS preliminary

MA

 

=1.19±0.09
0.10

 

(fit.)
±0.12

0.14

 

(syst.) 

Quasi-elastic scattering
Recent results in high energy experiments

normalization to deep inelastic scattering 
and inverse muon decay

Shape fit ( all Q2

 

region )

MA

 

=1.26±0.12
0.10

 

(fit.)
±0.08

0.12

 

(syst.) 

Shape fit ( Q2 > 0.3 (GeV/c)2

 

)

MA

 

=1.05±0.02(stat.)
±0.06(syst.) (GeV/c2)

Results from shape Q2 fit
MA

 

=1.07±0.06(stat.)
±0.07(syst.) (GeV/c2)

( R. Gran )



Quasi-elastic scattering

Somewhat inconsistent?

Also, the interaction rate ( ~ cross-section ) seems to be larger
for the experiments with larger MA

 

?



Quasi-elastic scattering ~ Theory ~ ( M. Valverde
 

)

More careful treatments of nuclear effects is essential
~ Beyond the simple Fermi-gas model ~

• Pauli blocking
Fermi Gas

• Fermi motion
Fermi Gas

• Correlations in excited states
RPA

• Nucleon binding
Nucleon spectral functions (hole states)

• Final State Interactions
Nucleon spectral functions (particle states)

• Nucleon rescattering
MonteCarlo

 
cascade models

GiBUU



Quasi-elastic scattering ~ Theory ~ ( M. Valverde
 

)



Quasi-elastic scattering

Another important thing ( for the future experiment )
Measurement of the anti-neutrino cross-sections

Another type of difficulties

• Need data from 1 GeV to several GeV for various material.
MINERvA

• Need another experiments
T2K-Near detectors ( Scintillator + TPC )
Lq. Ar

 
TPCs

 
( ArgoNeut, MicroBooNE

 
)

• Need more careful analyses ( of existing data )
Need to understand background in the CCQE measurements.
Need to know ( estimate ) the flux correctly.

To resolve the existing inconsistencies,

• Final state nucleon is neutral ( neutron )
Identification is more difficult.

• Usual beam contains fair amount of neutrinos 
in the anti-neutrino beam.

Correct understanding of neutrino cross-section is essential.



Single pion productions

• Background to search for the νe

 

appearance signal.

• Bias in the energy estimation
using the charged current quasi-elastic scattering.

In the θ13
 

measurement experiments

In the Δm23 & θ23
 

precise measurement experiments

• Background in the number of events estimation ( energy bin )
using the charged current quasi-elastic scattering.

Important to understand this interaction.

Possible bias in the energy reconstruction
( U. Mosel )



Single pion productions ~ experiments ~
MiniBooNE

 
NC π0

 
production 

( J. Catala
 

)



Single pion productions ~ experiments ~
SciBooNE CC & NC π0

 
production ~ Analysis is ongoing 

( J. Catala
 

)

CC

NC



Single pion productions ~ experiments ~
CC π+

 
cross-sections

ANL, K2K and MiniBooNE

( J. Catala
 

)

MiniBooNE
 

gives rather large MA

CC π+

 
Q2

 
distribution

from MiniBooNE



Rein-Segal formfactors
 

bad in vector sector, 
but reasonable in neutrino X-sect

Fortunate cancellation of vector and axial contribs

Single pion productions ~ Theoretical ~ ( U. Mosel )

We ( experimentalists ) need to use more appropriate models.

Take look at the presentation by U.Mosel
Instructive for the experimentalists.



NUFACT09NUFACT09

Αll cross sections Fermi smeared
Δ cross section is further modified in the nuclear medium:

π decay might be Pauli blocked: decrease of the free width

additional "decay" channels in the medium: 
collisional width Γcoll

overall effect: 
increase of width

Γ
 

→ Γmed
 

=  ΓP
 

+ Γcoll

collisional
 

broadening

Medium modifications

∆N→NN

∆NN→NNN

∆N→πNN
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(U. Mosel )



NUFACT09NUFACT09

Higher Resonances

Photoabsorption
 

X-section

• Δ
 

nearly unchanged
• 2nd

 
resonances vanish

• 3rd

 
resonances vanish

3rd

 
resonance region

 disappears by Fermi-motion

(U. Mosel )



Coherent pion productions
Initially, the K2K experiment gives smaller cross-section 

for the charged current coherent π
 

production
compared to the original Rein-Sehgal

 
model.

Correcting the model to apply low energy region,
there seems to be a solution.

• Wait for the anti-nu data from SciBooNE
together with detailed analysis of neutrino data.

• Another precise measurements from MINERvA. 
As for the neutral current cross-section,

we need to check the “new”
 

models 
using the MiniBooNE

 
data.

( Their data indicates the existing of enhancement 
in the forward going π0.)

Of course, 
correct understanding of resonance production is required. 



Coherent pion productions ~ Experiments ~ ( H.Tanaka
 

)



Coherent pion productions ~ Experiments ~ ( H.Tanaka
 

)

Some excess in the forward going pion?

( K. Hiraide
 

@ NuINT09 )

Further analysis in SciBooNE



Coherent pion productions ~ Experiments ~ ( H.Tanaka
 

)



Coherent pion productions ~ Experiments ~ ( H.Tanaka
 

)



Recent models / corrected model seems to have better agreement  
with data in the directional distribution

Coherent pion productions ~ Theory ~ ( E. Hernandez )



Deep inelastic scattering

Neutrino DISNeutrino DIS
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Structure Functions in terms of parton

 

distributions
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Squared 4-momentum
transferred to hadronic

 

system

Fraction of momentum 
carried by the struck quark

Inelasticity

ν-scattering only

( M. Tzanov
 

)

Rather well understood compared to the other interactions. ( at least to me )



( M. Tzanov
 

)Deep inelastic scattering
• Several high stat. & high precision measurements

NuTeV, NOMAD, CHORUS, MINOS

D. Bhattacharya– Ph.D. thesis.

NuTeV
 

& MINOS
 
: Fe

NOMAD
 

: C, Al, Fe
CHORUS

 
: Pb, Fe, Ca, C



CHORUS, NuTeV
 

and CCFR ComparisonCHORUS, NuTeV
 

and CCFR Comparison

• not as precise, 
• agrees well with NuTeV

 
over the

whole range,
• hint of a different Q2

 

shape at low-x

• assuming nuclear corrections similar
for Fe and Pb.

D. Naples –
 

NuInt07

High-x

( M. Tzanov
 

)Deep inelastic scattering



Deep inelastic scattering ( J. Morfin
 

)



Deep inelastic scattering

Estimated nuclear effects differences
μ/e-A vs

 
ν-A

( J. Morfin
 

)



Deep inelastic scattering ~ duality
There have been some difficulties 

in handling the transition region
from resonance to safe DIS.

Fit existing charged lepton scattering data
and obtain correction factors for the neutrino scattering.

( A. Bodek
 

) Seems to work well.

( A. Bodek
 

)



( A. Bodek
 

)Deep inelastic scattering



•
 

the Bloom-Gilman duality is confirmed experimentally for the 
electron scattering off nucleon and nucleus
–

 
BG duality is violated below Q2=0.3 GeV2

•
 

BG duality can help to fine tune the magnitude of nonresonant
 contribution

•
 

Neutrino-nucleon
–

 
phenomenological models suggest appearance of the duality in 
neutrino scattering

 
off deuteron-like target 

–
 

for charged current
 

and neutral current
 

structure functions with 
W < 1.6/1.8 GeV

•

 

xF1 and xF3 (with 1σ

 

level of accuracy), for the F2 (with 2σ

 

level of 
accuracy)

•

 

violation below Q2=0.3 GeV
•

 

the experimental verification is required (waiting for Minerνa
 

measurements)
•

 
duality in neutrino scattering off nucleus waits for more 
comprehensive studies

Quark-
 

Hadron Duality ( Krzysztof M. Graczyk
 

)

Summary from his slide:



( B. Eberly
 

)MINERνA
Use MINOS beamline

 
to measure cross-sections

with various target material



( B. Eberly
 

)MINERνA

Aiming to reduce cross-section uncertainties
QE 5%

 
DIS

 
5%

Resonance
 

5% (CC) / 10% (NC) Coherent
 
20%



( M. Antonello
 

)ArgoNeuT
Lq. Ar

 
detector in the MINOS beamline

Already in operation!

170 L active volume (~235kg )



( M. Antonello
 

)ArgoNeuT



( M. Antonello
 

)MicroBooNE



( M. Antonello
 

)MicroBooNE



( M. Antonello
 

)MicroBooNE



Importance of the neutrino scattering experiments
( Vassili

 
Papavassiliou

 
)



NuSOnG ( J. Conrad )
High energy neutrino beam

to study new physics
and for the high precision measurements.



NuSOnG ( J. Conrad )



Measure φ dependence
using 

( G. Goldstein, S. Liuti
 

)



I’d like to thank all the speakers 
and the participants in WG2.
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