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WG2 statistics this year

•3 related plenary talks

•4 talks in joint WG1+2 session

•27 talks in WG2 sessions
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Thank you for all speakers and participants!
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Physics of GeV ν-N Interactions!

David"Schmitz,"UChicago" NuFact"2013,"19:24"August,"2013" 8"

Cross section models for all exclusive

ν-nucleon interaction channels


(elastics, resonance productions, DIS …)
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Models of nucleons 

within the nucleus 


(Relativist Fermi Gas,

spectral functions,


nucleon correlations, …)


Final state interaction models 

which alter the hadronic final


state (rescattering, absorption, 

charge exchange, …) 


Dave Schmitz, Plenary talk



Where are we?

Map at Great Wall



CCQE
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Charged current quasielastic (CCQE)

• The ‘simplest’ channel: 
               ν + n → l- + p

• Dominant interaction in <~1GeV

• Energy reconstruction from lepton kinematics

• Found to be far more complex than thought

• One of hot topics for past few years..
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(Teppei Katori)QE cross section on C

Most cited plot in WG2!
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Multi-nucleon effects

• Short range correlation 
(SRC) seen in e-N 
scattering, for ~20% of 
nucleons

• Meson exchange current 
(MEC) also contributes

• Can affect energy 
reconstruction
→ effect on oscillation 
measurements?
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R. Subedi et al., Science 320, 1476 (2008)
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MINERνA CCQE
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2013-08-20 Chris Marshall - University of Rochester 16

Absolute cross section

MA = 1.35                       best fit to MiniBooNE data

TEM                                empirical model based on electron scattering data
GENIE                            independent nucleons in mean field
SF                                    more realistic nucleon momentum-energy relation2013-08-20 Chris Marshall - University of Rochester 16

Absolute cross section

MA = 1.35                       best fit to MiniBooNE data

TEM                                empirical model based on electron scattering data
GENIE                            independent nucleons in mean field
SF                                    more realistic nucleon momentum-energy relation

Neutrino Anti-neutrino

Discrimination of models
C.Marshall
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Vertex activity study at MINERνA
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2013-08-20 Chris Marshall - University of Rochester 19

Look inside vertex region

● Look for evidence of extra energy inside “vertex region”

● Fit to data assuming extra energy is due to protons

● Ignored this region for CCQE event selection
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6

4

2

MeV

Data
CCQE candidate

2013-08-20 Chris Marshall - University of Rochester 24

Fit results - neutrino

● Fit wants to add low-energy protons to (25 ± 10)% 
of CCQE events

hint of multi-nucleon effect?

C.Marshall
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27

Systematic Error Table

Best Fit:

M A
QE=1.21−0.10

0.18 fit −0.15
0.13 syst GeV

26

Best Fit Results
Results from the principal and alternative fit configurations.

M
A

QE (GeV) E
µ
 Scale M

A
RES (GeV) kQE

Fermi

Principal: 0 < Q2 < 1.2 1.21 +0.18
        -0.10

0.996 +0.007
          -0.015

1.10 +0.15
        -0.16

1.10 +0.02
        -0.03

Alternative: 0.3 < Q2 < 1.2 1.19 +0.19
        -0.17

0.995 +0.008
          -0.016

1.13 +0.17
        -0.18

Not fit

MINOS

Other CCQE measurements
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Measurement of the CCQE Cross Section
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A �2 test comparing the fitted result with the nominal NEUT model,
with M

QE

A

= 1.2GeV, gives a p-value of 17% indicating agreement
between the data and the cross section model.

T2K Preliminary

CCQE results

• 71k ν
μ
 CCQE candidates (30% efficiency/60% purity)

• Largest background from wrong signs (measured)

• Main result is the double differential on CH
2
 - least model-dependent 

measurement possible with MiniBooNE data

• Many other cross sections available in the paper (hydrogen subtracted 
CCQE, Total σ(E

ν
), …)

Phys. Rev. D88, 032001 (2013) 

T2K

Jonathan'Paley,'ANL'HEP'Division

Measurement of νµ CC QE Cross-Section in NDOS

24

Normalizing by predicted flux shows reasonable agreement to previous 
measurements for higher values of energy, but the flux prediction is still under 
investigation.  
The ~25% uncertainty on the flux shown above is determined by comparing two MC 
simulations (Fluka to GEANT4).

MiniBooNE ν

NOvA NDOS
D. Hadley

N.Graf

J. Paley

Z. Pavlovic



WG2 summaryM. Yokoyama (U. Tokyo) 11

NUFACT 13
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J. Nieves, IFIC, CSIC & University of Valencia 11
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0.80 < cos θµ< 0.90

MA=1.049 GeV

Model Scale MA
χ2

#bins

(GeV)

LFG 0.96±0.03 1.32±0.03 35/137

Full 0.92±0.03 1.08±0.03 50/137

Full 0.83±0.04 1.01±0.03 30/123

|q| > 0.4† GeV

† : As suggested by Sobczyk et al. PRC 82, 045502

J. Nieves, IFIC, CSIC & University of Valencia 26
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J. Nieves

Reconstructed Eν can be significantly affected

Microscopic calculation of CCQE
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Motivation
Radiative ep Scattering

Radiative Corrections in ‹N Scattering
Computing TBE in ‹N

Numerical Results and Summary

Q2 dependence of TBE
TPE vs. TBE
Cross Checks: Soft Bremsstrahlung

TBE in ‹N Scattering

 0

 0.02

 0.04

 0.06

 0.08

 0  0.5  1  1.5  2  2.5  3
δ T

BE

E (GeV)

electron neutrino
electron antineutrino

muon neutrino
muon antineutrino

The relative di�erence between ‡(‹e) and ‡(‹µ), due to
TBE, is of the order of 2%;

TBE e�ect is negligible in the case of ‹µ interactions.

GF established from µ decay, hence, one should subtract
the analogical ⇤µ contribution (Sirlin),

at 20 MeV, ”T BE ≠ ⇤µ ≥ 0.032

outer correction (dominated by TBE prediction given by
quark box diagrams in the massless limit) ≥ 0.024 by M.
Fukugita and T. Kubota, Acta Phys. Polon. B 35 (2004)
1687.

K.M.G. RCinCCQE

K. M.Graczyk

Radiation correction in CCQE

Two boson exchange correction

νe/νμ difference ~2%

Motivation
Radiative ep Scattering

Radiative Corrections in ‹N Scattering
Computing TBE in ‹N

Numerical Results and Summary

Motivation

‹µ æ ‹e: ◊13 measurement and then
CP violation parameter, in present
and future neutrino experiments (e.g.
T2K, NO‹A).

E‹ ≥ 1 GeV.
Charged Current Quasi-Elastic
(CCQE) Scattering: a dominant
process
estimate of the systematic di�erences
between ‹eN and ‹µN CCQE cross
sections important for data analysis:
Day, McFarland, PRD86 (2012)
053003, also a talk by M. Day,
NuFact12.
Are the Radiative Corrections (RC’s)
a potential source of di�erence
between cross sections for ‹e and ‹µ
scattering?

Bremssthralung radiation via leading log
formula: ≥ 10% between ‹e and ‹µ , Day,
McFarland, PRD86 (2012) 053003).

* me π mµ : electron radiates more
than muon!

Two Boson Exchange E�ect (TBE) in
CCQE
TBE e�ect intensively studied in the
ep scattering

Contribution from ““, W ±“ and
Z

0

“ box diagrams æ hadronic model
dependent;
The TBE e�ect in CCQE interaction:
is it important to consider?

K.M.G. RCinCCQE
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Neutral current elastic scattering

13

25

Final Sample

• Kinematic variables ready 
for future differential cross 
section measurements

•Sample is 88% protons

External bkg scaling 
factor applied

Bkg by FSI category
29% CCQE

25% Outside/Sand
21% Other
8% NCπ0

17% Outside FV

NC results

• Main result is dσ/dQ2

• Normalization agrees well with MC prediction (tuned to ν
μ
 CCQE data)

• Q2 calculated using nucleon energy assuming interaction with an 
independent, at-rest target – complementary to CCQE

PRELIMINARY

T2K

D. Ruterbories

MiniBooNE ν Z. Pavlovic



Meson/γ production
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MINERvA pion production

15

CC Exclusive Pion Production (Coherent)

21
Aaron Higuera, Universidad de GuanajuatoNuFact 2013, Beijing, China
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coherent pion production

A. Higuera

CC Inclusive Pion Production by Neutrinos

11
Aaron Higuera, Universidad de GuanajuatoNuFact 2013, Beijing, China

CC Inclusive Pion Production by Neutrinos

12
Aaron Higuera, Universidad de GuanajuatoNuFact 2013, Beijing, China

inclusive π production

ν ν

17
Aaron Higuera, Universidad de GuanajuatoNuFact 2013, Beijing, China

ν+A         µ-+A+π+

•Signal definition
• FV tracker CH
• µ-   MINOS-matched track 
• No proton
• Low Q2

• No vertex energy
• Low t =(q-pπ)2

•Signal definition
• FV tracker CH
• µ+  MINOS-matched track 
• No vertex energy
• Low t =(q-pπ)2

ν+A         µ++A+π-

Energy Box

MINOS-matched track

Data 

module

st
rip

x view
from above

CC Coherent Pion Production
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Coherent ρ production (NOMAD)
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Coherent ρ0  Measurement

ζππ              0.6<Mππ<1.0
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!Cohρ0 MC (634 ± 111 evts)

!NC-MC Bkg(DS-Weighted)
!CC-MC Bkg 
!OBG-K0 Bkg 

Normalization (Cohρ0)

CC-MC

NC-MC

Cohρ0

Total Bkg

OBG-K0

  0.423   ± 0.074
     (17.5%)

χ2 

29

• Impose 0.6≤ Mππ ≤1.0 GeV cut.

• Using ζππ, fit for Coh ρ0 in ≤0.1 region.

22

NC ρ0

First observation!

H. Duyang

Candidate Events

Coherent-ρ0  Candidate Event
Pπ+ = 3.1;  Pπ- = 2.3 (GeV)
Mππ= 0.74 GeV 
ζππ =0.008 

π-

π+

What we are looking for.

11

π+ π- with nothing else

ζ = E*(1-cosθ)

11

Useful exercise for LBNE-ND

CC ρ+ X. Tian

The Analysis

Measurement of �
Coh⇢+ as a function of E⌫
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NOMAD data favor the model with R = 0, i.e. there is little longitudinal
contribution in Coh⇢ production

Xinchun Tian (USC, Columbia) NOMAD@NuFact 2013 082213 17 / 20
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Background Terms

Our model in Phys. Rev. D 76, 033005 (2007) includes background terms required by chiral
symmetry. To that purpose we use a SU(2) non-linear σ model Lagrangian.

No freedom in coupling constants

We supplement it with well known form factors

W W

W W

W

W

+ +

+ +

+

+

+

W

Δ

ΔN

N

N’
N’

N’

N’

N’

π π

π π

π π

π
π

N’

N

N
N N’

N

N π

N N

Nufact13. Beijing, August-2013 – p. 6
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Comparison with ANL & BNL data
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68% confidence level bands are shown.

The total experimental errors shown contain flux uncertainties that are considered as systematic errors
and have been added in quadratures to the statistical ones.

Nufact13. Beijing, August-2013 – p. 11

Can fit ANL/BNL results

Background terms included

In our work in Phys. Rev. D 81, 085046 (2010) we included background terms in a
combined fit to ANL & BNL data that took into account deuteron effects and flux
normalization uncertainties.

We used a simpler dipole parameterization for CA
5 (q2)

CA
5 (q2) =

CA
5 (0)

(1− q2/M2
A∆)2

Using Adler’s constraints we got

CA
5 (0) = 1.00± 0.11, MA∆ = 0.93± 0.07GeV

CA
5 (0) compatible with its GTR value at the 2σ level.

Nufact13. Beijing, August-2013 – p. 10

Background terms included

In our work in Phys. Rev. D 81, 085046 (2010) we included background terms in a
combined fit to ANL & BNL data that took into account deuteron effects and flux
normalization uncertainties.

We used a simpler dipole parameterization for CA
5 (q2)

CA
5 (q2) =

CA
5 (0)

(1− q2/M2
A∆)2

Using Adler’s constraints we got

CA
5 (0) = 1.00± 0.11, MA∆ = 0.93± 0.07GeV

CA
5 (0) compatible with its GTR value at the 2σ level.

Nufact13. Beijing, August-2013 – p. 10

Incoherent pion production in nuclei. CC Results
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Nufact13. Beijing, August-2013 – p. 20

MiniBooNE data agree 
with NO FSI?

→ need something else

E. Hernandez

Pion production calculation



WG2 summaryM. Yokoyama (U. Tokyo)

Introduction Theoretical model Results Comparison with the MiniBooNE estimate Summary

Comparison to the MB estimate

Without N* Full Model
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Incoherent neutrinoproduction of pion from 
C12

22

30

MiniBooNE NC photon

Extrapolation 
of previous 
results to 
higher energy 

X.Z. and B. Serot, PLB 719, 409 (2013) 
(arXiv: 1210.3210)

X. Zhang
π/γ emission with 

a chiral EFT

Interesting direction; 
extension to other processes?

Introduction Theoretical model Results Comparison with the MiniBooNE estimate Summary

Model for the hadronic matrix elements

Z

N

γ

N
N N

N
N

Z γ

γ

Z γ

N N

π0

Z

N

γ

∆ N N ∆ N

Z γ

γ

Z

N

γ

N∗
N N N

Z γ

N∗

First row: direct and crossed
nucleon pole terms

Second row: direct and
crossed ∆(1232) pole terms

Third row: direct and
crossed heavier resonance
(N(1440), N(1520) and
N(1535)) pole terms

Forth row: t−channel pion
exchange term

NC γ emission

E. Wang

Both consistent with 
MiniBooNE estimate

and cannot explain excess
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in the forward direction

Comparison with 
R&S
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Strangeness/eta 
production

M. Rafi Alam

Motivation 1K Prod. 1Y Prod. YK Prod. η Prod Conclusion
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Understanding
nuclear structure
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Nuclear effects and DIS

21
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M. Sajjad Athar

F2

F3

8!

F2 Structure Function Ratios: ν-Iron!

F2(ν + Fe)!
F2(ν + [n+p])!

9!

F2 Structure Function Ratios: ν-Iron!

F2(ν + Fe)!
F2(ν + [n+p])!

J. Morfin

ν-Fe

ν-Fe

CTEQ nPDFCalculation for various nuclei

Effect on sin2θW measurement?
ν induced parton-level nuclear effects 

may be different from l±
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MINERvA inclusive cross sections

22

Ratio (E) of Fe, C, Pb to CH Cross Sections 

Fe
CH
 
  

C
CH
 
  

Pb
CH
 
  

isoscalar correction not applied to 
these ratios 
 
higher statistics 
 

   x, Q2 in bins of  energy 
 

 remove elastic and resonant 
     contributions  

A. Bravar

various nuclear targets → nuclear structure
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!Elder Pinzon  |  NuFact 2013 | Aug 23!
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Abs+CX Cross Section Result"

Previous Measurements"
DUET Measurement"

Good agreement and much 
smaller errors"

Preliminary"

14 

π absorption/
charge exchange in nuclei

Important for constraining FSI

Measurement with
1.5mm fiber tracker

E. Pinzon

S. Manly, University of Rochester 22

Data-MC comparison 
(Comparison friendly fiducial region, corrected for acceptance and radiative

effects, only statistical errors shown , three variables integrated over)

NUFACT 2013, Beijing, China   
August 19-24, 2013

p, 
Data/MC ratio, all targets

π production in e-A scattering

Non-ν scattering

S. Manly, University of Rochester 7

CLAS:  CEBAF Large Acceptance Spectrometer (Hall B)

NUFACT 2013, Beijing, China   
August 19-24, 2013

Pπ, π+

Ratio to MC 
(GENIE)

CLAS S. Manly



WG2 summaryM. Yokoyama (U. Tokyo)

Understanding ν flux

24

Jorge G. Morfín - Fermilab 4!4!

Practicality of nuSTORM Neutrino Spectrum!
4 

νSTORM!
(νe flux)!

LBNE!

(neutrino flux, not σν-weighted) 

nuSTORM J. Morfin

Jonathan'Paley,'ANL'HEP'Division

2

Main Injector Particle
Production (MIPP) Experiment

• Goal: collect comprehensive 
hadron production cross-
section data set with particle 
id using various beams and 
targets (thick and thin).

Target
JGG

Magnet

Ckov
Detector

RICH
Detector

Rosie
Magnet

ToF
Detector

Wire
Chambers

TPC

Beam
Ckov

25 m
EM & 

Hadronic
Calorimeters

• Full acceptance spectrometer
• Two analysis magnets deflect in 

opposite directions
• TPC + 4 Drift Chambers + 2 PWCs

• Designed for excellent particle ID (PID) 
separation (2-3σ)

Nearly all detectors used in MIPP were 
taken from previous experiments.

1 10
0

0.5

1

TPC ToF Ckov RICH
1 10 80Momentum (GeV/c)

Experiment located in MC7 at FNAL

MIPP J. Paley

Global Track Reconstruction

TPC track segments are matched to downstream drift chamber hits, momentum is 
determined from bend in both magnets.
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TPC Dri>'Chamber'Hits

7

NA61/SHINE
A. Korzenev

  8

New results on p+ and p- multiplicity in pC @ 31 GeV/c

Statistical uncertainty data of 2009 vs. 2007 improved by a factor 2-3

Systematic error from analysis of data 2007 ⇒ an upper limit. To be improved

FLUKA11 describes data reasonably well

  p + C → p+ + X   p + C → p- + X 

  p + C → p+ + X   p + C → p- + X 

Hadron production
Future opportunity

  8

New results on p+ and p- multiplicity in pC @ 31 GeV/c

Statistical uncertainty data of 2009 vs. 2007 improved by a factor 2-3

Systematic error from analysis of data 2007 ⇒ an upper limit. To be improved

FLUKA11 describes data reasonably well

  p + C → p+ + X   p + C → p- + X 

  p + C → p+ + X   p + C → p- + X 
Jorge G. Morfín - Fermilab 2!

What is nuSTORM?!
Neutrinos from Stored Muons – Alan Bross Presentation on Saturday!
  High-Precision ν interaction physics program.  !

  νe and νe cross-section measurements."

  Address the large Δm2 oscillation regime, make a major contribution !
!to the study of sterile neutrinos.!

  Either allow for precision study (in many !
!channels), if they exist in this regime.!

  Or greatly expand the dis-allowed region.!

  Provide a technology test demonstration ( µ decay ring) and µ beam 
diagnostics test bed.  !

  Provide a precisely understood ν beam for detector studies.!

  Change the conception of the neutrino factory."
!
!

2!

Precision ν flux
νe scatteringInput for T2K flux prediction

(and future NuMI)
NuMI target analysis
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LAr development

25

MicroBooNE Integration

18

Assembled TPC test-
fitted in cryo vessel 
with PMTs in place

Jason St. John                                                                                                              NuFact 2013, Beijing

MicroBooNE Cryostat

17

Jason St. John                                                                                                              NuFact 2013, Beijing

MicroBooNE
J. St. John

The$CAPTAIN$LAr$TPC$
Charles(E.(Taylor(
((
NuFact 2013 
IHEP, Beijing, August 21st 2013 

CAPTAIN
C. Taylor

•  p1:&θ1=53°&L1=7.5&cm,&
p1=443±26&MeV/c&

•  p2:&θ2=128°&L2=8.9&cm,&
p2=466±28&MeV/c&&

•  Angle&between&two&&&&&&&&&&&
protons&&γ=181°&

•  Find&5&such&events&in&
an2neutrino&sample&

•  Need&to&es2mate&FSI&
background&and&signal&
expecta2on&

NuFact&13&T.&Yang& 23&

back?to?back&protons&&

•  Self&contained&system&
•  Recirculate&argon&through&

a&copper?based&filter&
•  Cryocooler&used&to&

recondense&boil?off&gas& 30&

The&TPC,&about&to&enter&the&inner&cryostat&

“The&ArgoNeuT&Detector&in&the&NuMI&Low?Energy&beam&line&at&Fermilab”&JINST'7'(2012)'P10019'

NuFact&13&T.&Yang&

Cryostat Volume! 500 Liters!

TPC Volume! 170 Liters!

# Electronic Channels! 480!

Wire Pitch! 4 mm!

Electronics Style (Temperature)! JFET (293 K)!

Max. Drift Length ! 47 cm !

Light Collection! None!

ArgoNeuT
T. Yang

Intensive effort, 
especially in US
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16&

µ?&track&only,&
no&p&at&vertex&

p&produced&in&
ν?Ar&interac2on&
_&

de?excita2on&γ’s&&

NuFact&13&T.&Yang&

µ�#

•  LAr&data&can&provide&an&
important&discriminator&
among&models&

NuFact&13&T.&Yang& 20&

νµ'–'an5neutrino'mode'run'
_'

νµ'–'an5neutrino'mode'run'

ArgoneuT&data&&
GENIE&

ArgoneuT&data&&
GENIE&

proton&threshold:Tp>21&MeV&

Preliminary& Preliminary&

T. Yang

Real physics 
output from 
ArgoNeuT!
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WG2: Forum for discussion

• Need close communication and interplay between

• Experimentalists and theorists

• Neutrino physicists and nuclear physicists

• People having different ideas

• NuFact WG2 is (together with NuINT workshop) at 
heart of this field to have discussions for further 
progress

• Many ideas from discussions in past NuFACT

28

MY, introduction
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�

Jan Sobczyk, Plenary talk

OK, but what is a good theory?

From experimentalist’s point of view, it must:

be validated with data
be implemented in MC code
be able to assign associated uncertainties

to be useful in an experiment.
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In Summary: Nuclear Physics 
Meets Neutrino Physics!

David"Schmitz,"UChicago" NuFact"2013,"19:24"August,"2013" 14"

Dave Schmitz, Plenary talk
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In Summary: Nuclear Physics 
Meets Neutrino Physics!

David"Schmitz,"UChicago" NuFact"2013,"19:24"August,"2013" 14"

Dave Schmitz, Plenary talk
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Nuclear Physics Meets 
Particle Physics
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ν interaction 
measurements

e, γ, π 
interaction 

measurements

Hadron 
production 
for ν flux

Interaction 
models

ν event
generators

ν oscillation 
measurements

Theoretical 
effort
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Questions for 2014 (draft)

1. Multi-nucleon effects; SRC, MEC, ...

• How do we experimentally identify those effects?

• How do we implement the effect in MC generators?

• How to evaluate the uncertainties?

2. How can we help MC code development?

• What is necessary input from experiments, theorists, and 
generator code developers?

• Can we have a common event format?

3. What kind of cross section experimental and theoretical 
program is needed for future experiments?

4. How can we invite more theorists to the field?

33



Many steps to go.
Keep climbing!



Backup
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So many acronyms...
• CCQE (Charged Current Quasi Elastic)

• RES (RESonance pion production)

• DIS (Deep Inelastic Scattering

• MEC (Meson Exchange Current)

• SRC (Short Range Correlation)

• TBE (Two Boson Exchange)

• RPA (Random Phase Approximation)

• IA (Impulse Approximation)

• FSI (Final State Interaction)

• SF (Spectrum Function)

• FG (Fermi Gas)

• MF (Mean Field)

• QHD EFT (Quantum HadronDynamics Effective Field Theory)

• .....

36
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WG2: “ν scattering physics”
• Understanding of neutrino interaction ever more 

important in the era of precision measurement

Predicted number of events and 
systematic uncertaintiesy

The predicted number of 
events distribution

Predicted # of events w/ 6.4㽢1020 POT

Ȟe signal 0.38                   16.42
Event category sin22ș13=0.0       sin22ș13=0.1

Ȟe background
Ȟȝ background (mainly NCʌ0)
Ȟȝ + Ȟe background
T t l 4 64 20 44

3.17                     2.93
0.89                     0.89
0.20                     0.19

4.64±0.52
sin22θ13=0.0

Total (w/ 2012 flux & 
cross section parameters) (5.15)                 (21.77)

Total 4.64                   20.44

Systematic uncertainties 20 400

SKで期待される
事象数の確率分布

Beam flux + Ȟ int.
w/ND constraint

4.9 %                  3.0 %   

Error source sin22ș13=0.0       sin22ș13=0.1

20.44±1.80
sin22θ13=0.1

Total 11.1 %                 8.8 %

Ȟ int. (from other exp.)
Far detector 

(13 0 %) (9 9 %)

6.7 %                  7.5 %   
7.3 %                  3.5 %   (+FSI+SI+PN)

Total (2012)

13

Systematic uncertainties are reduced from 2012, due to improvements for near detector 
analysis：new selection (CCQE/1pi/other), improved reconstruction, finer binning

(13.0 %)              (9.9 %)Total (2012) 40200SKでの期待値誤差：4.64×0.111=±0.52 20.44×0.088=±1.80

T.IshidaT.Ishida(J(J--PARC center/KEK)PARC center/KEK)

y ( Q p ), p , g
Current analysis with ND constraint predicts consistent number of events compared to 2012 
within its systematic uncertainties

2525KEK Seminar,  Kobayashi Hall (KEK) KEK Seminar,  Kobayashi Hall (KEK) –– Lecture Hall (JAEA), 19th July  2013Lecture Hall (JAEA), 19th July  2013

Example: T2K νe appearance systematics (2013)

T.Ishida, KEK seminar July 2013

Note: T2K will continue to reduce systematic 
uncertainties in future analysis.
→ benchmark for future projects


