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NuSTEC White Paper : Status and Challenges of
Neutrino Nucleus Scattering

¢ General Challenges plus specific challenges for each production
channel of neutrino nucleus scattering.

¢ General Challenges - selected:

v Realize that the Neutrino-Nucleus Interaction is the least understood
component of a detectors response to neutrinos.

v Improvements of nuclear and nucleon models by NP and HEP theorists are
essential and should include:

» The development of a unified model of nuclear structure giving the initial
kinematics / dynamics of bound-nucleons within the nucleus.

» Model neutrino bound-nucleon initial interaction cross sections in the full phase
space not only at the lepton semi-inclusive cross section level but for all the
exclusive channels that are allowed kinematically.

» Improve our understanding of the role played by nucleon-nucleon correlations in
interactions and implementing this understanding in MC generators avoiding
double counting of effects.
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» Improve models of final state interactions. This may call for further experimental
input from e-A and h-A communities.

v Identify in an unambiguous quantitative way which ingredients of nuclear
models currently implemented in Monte Carlo generators are most critical for
the success of future neutrino oscillation experiments leading to establishing
priorities for necessary improvements to the implemented models. Rapidly
incorporating these improvements in event generators 1s equally important and
requires a collaborative effort of the HEP and NP communities.

v The critical role of neutrino nucleus event generators needs to be emphasized
and more community resources devoted to keeping them widely available,
accurate, transparent, and current.

v It is critical to provide highly accurate neutrino nucleus scattering
experimental results that can
» validate and distinguish between improved models.
» benchmark the generators against
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v The current experimental neutrino interaction program (MINERvVA, NOvA-ND, Micro-
BooNE, T2K Near Detector) continues to provide important data and should be
supported to its conclusion. This includes efforts to improve the precision with
which the neutrino flux is known.

v Future neutrino interaction measurements are needed to extend the current program of
GeV- scale neutrino interactions:
» The feasibility of a high-statistics hydrogen/deuterium experiment should be evaluated.

» The possibility of muon-based neutrino beams providing extremely accurate knowledge
of the neutrino flux and an intense electron neutrino beam should be considered.

» The need for (anti)neutrino Ar scattering data in the energy range relevant for DUNE should
be emphasized

» Current and future long-and-short-baseline neutrino oscillation programs should evaluate and
articulate what additional neutrino nucleus interaction data is required to meet their ambitious
goals, and support experiments that provide this data.

Summary- To perform necessary selective constraints on improved nuclear
models and their employment in generators requires increasingly accurate
measurements of neutrino nucleus interactions. How do we improve the
current situation? Use MINERVA results as an example. yZ!




Charged-Current Quasi-elastic Double-Differential
Antineutrino Cross Section from MINERVA

¢ Calculating the cross section: Here comes the neutrino flux!
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How Well do we Know This Flux?

After considerable effort....
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Sources of systematic uncertainty
in this measurement
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What about measurements of V, cross section
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Measuring V, QE Cross section with MINERVA
1700 v, events of which 1100 CCQE

S (10 cm?2 / degree / nucleon)

d
d

6 (10°*° cm? / nucleon)

0

©
4]

o
~

o o
N w
T T T 71 ‘ 1 1 T ‘ 1T T 71 ‘ 1 T T ‘

(=]
iy

Absolutely normalized (3.49 x 10 P.0.T)
Data: inner errors statistical

Simulation: statistical errors only

—~+-Data
— Simulation

|

2 - -
_x/ndf73.85/15=086, . . |

e
o

5 10 15 20 25 30 35

0, (deg)

-
[« N\
T T[T Irr]rr1

integrated over binsin E

Absolutely normalized (3.49 x 10%° P.O.T.)
Data: inner errors statistical

Simulation: statistical errors only

—4Data
— Simulation

*Warning: not exactly o.
Actually do/dE ¢

_ xindf24107-089 .,

2 3 4 5 6 7 8 9 10
EV’QE(GeV)

The result
and the
prediction
from GENIE
2.6.2 are
statistically
consistent.

(10° cm2/ GeV / nucleon)

Absolutely normalized (3.49 x 10° P.O.T))
Data: inner errors statistical

Simulation: statistical errors only

—Data
~— Simulation

b"-umoz: len‘df=7705/13‘= 0.54 l \ \ |
Blp Oftg i

i 2 3 4 5 6 7 8 9 10

E, (GeV)

=) 12 Absolutely normalized (3.49 x 10° P.O.T.)
o] - Data: inner errors statistical
2 B Simulation: statistical errors only
S 1op
c C }l -+ Data
. 8, | I — Simulation
s | .
O] 61+
;E‘ . =
o 4_7 .........
g. T ==
o 21
A -

w | lepdf =8.75/9=0.97 | | ‘ ‘

c T T T T T T T T T TN S T T T I T ST T S
S O 02040608 1 12141618 2

© 2 2
Q2_ (GeV?)



Fractional Uncertainty
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V.-V, Comparisons: (20-30)% uncertainty on ratio
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Conclusions

¢ To help improve the all-important nuclear model in
neutrino oscillation experiments nuSTORM 1is
needed to:

v Significantly reduce the dominant neutrino flux error
plaguing every absolute cross section measurement of
contemporary neutrino nucleus scattering experiments.

v Provide a definitive comparison ot V, to v/, cross
sections through the reduced flux error and significantly
increased V, event rate.
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Testing Nuclear Models for Multi Nucleon Targets
Data disagrees with model in reconstructed variables
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» Evidence for problem with cross section model



10-20% systematic error on MC prediction >
statistical error
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