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A Time-saving Announcement

\

* | had surgery on my right foot three
weeks ago to attempt to improve
symptoms of degeneration of my toe

* Removed osteophytes and resurfaced
what little cartilage I have left

* | will be fine as long as no one steps
on my foot. ©
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Role of Energy Reconstruction

\

« Discovery of CP violation in neutrino oscillations

requires seeing distortions of P(v,—v,) as a function
of neutrino and anti-neutrino energy
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Quasi-Elastic Energy Reconstruction

o

* The quasi-elastic reaction allows neutrino energy to be
determined from only the outgoing lepton:
2(m, — V)E,. + mg, — (mp — V)2 —m?

Erec —
v 2(my, —V — E. + pecosb,)

* This assumes a single target nucleon, motionless in a
potential well (the nucleus)

« Smearing due to Fermi motion (and Pauli suppression)
are typically built into the cross-section model since
smearing cannot be removed on an event-by-event basis.
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Modeling the Nucleon in a Nucleus

\

* Our models come from theory tuned to electron
scattering

* Generators usually use Fermi Gas model, which takes
into account effect of the mean field.

* Corrections to electron
data from isospin
effects in neutrino
scattering.
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Short-Range Correlations

\

« Direct evidence for multi-nucleon
correlations exists

* 12C quasi-elastic scattering at Jlab
final state studies see multiple
nucleons ~20% of the time, mostly pn

+* Have to demonstrate an excess over
final state effects

[R. Subedi et al.,
Science 320, 1476 (2008)]
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Quasi-Deuterons?

\

* In fact, part of this effect has been known for a long
time and is accounted for in (some of) our generators
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Kinematics of Short-Range

Correlations

\

* Kinematics of interaction may be altered because
scattering in nuclear environment occurs from a correlated

pair ~20% of the time.

* Not a new idea to apply to quasi-elastic scattering.

* Evidence in charged lepton
scattering now strengthens
the case for doing so.

* Generally, expect a bias and
additional smearing from
multi-nucleon effects.
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Quantitative Effect on Energy

Measurement

+ Detailed effect

16
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Quantitative Effects in Lepton

Kinematics

More instructive to look \
’

at effect in space of lepton p-0

* Nieves model of meson exchange currents

* This includes processes that give “pionless delta decay” in NEUT
/

Muon p-cos8 for true CCQE, 650<E <700 MeV
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Do we know that these processes

affect neutrino scattering?

‘\

+ Correlations are

predicted to increase cross-section. Consistent with

MiniBooNE data.
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Limitations of Microphysical Models

_‘

* There are several microphysical calculations on the market,
but they share several key features.

* They are all based on effective theories valid over limited

ranges of energy, kinematics. Theoretical systematics are
difficult to control.

* Calculations are just starting to see effect in the right set of
variables (inclusive lepton energy and angle) for high precision
comparison with data, prediction of kinematic effects.

* My personal conclusion: calculations need more
experimental validation before they are reliable.
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Near Detectors

Hartz-McFarland, Energy and Near Detectors 14 January 2013



Near Detectors and Oscillations

_‘

+ Near detectors measure an event rate
+ Convolution of flux and cross-section

* Converting from a near detector rate to a far detector
prediction with oscillations has limitations
* In particular, if there is a common mistake in energy

reconstruction, then the oscillation probability will not be
correctly applied

* Backgrounds and differences in flux only make the
problem more difficult to disentangle

Hartz-McFarland, Energy and Near Detectors 14 14 January 2013



Can we address the Energy

Reconstruction Problem?

——

* Near detectors with a perfectly known, and preferably
tunable, flux would allow a measurement of neutrino
energy biases and smearing.

& A e - N
* How to get this? §30000j— — module 3 Center
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+ Observation from 3250000 ot ]
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* Narrow range of ™
neutrino energies
where flux changes.
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First Study: 280om Near Detector

\

* Situate 1mx1m detectors every 0.5 degrees of off-axis
angle at the 28om location
* 2.5m spacing: could reduce this spacing

* Eventual strategy would be to make detailed

measurements as a function of position and use the
correlation of position with neutrino energy to derive

response functions vs. neutrino energy
* This first analysis is a much simpler proof of principle.
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Flux at Different Angles

—— OA=0.0 degrees
—— OA=0.5 degrees
—— OA=1.0 degrees

Flux/m?/1e20 POT/100 MeV

E, (GeV)
* Cancelations are simplest

closest to the axis

* At large angles, more
complicated, but
combinations of angles still
select definite energies
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Flux/m?%/1e20 POT/100 MeV
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First Study: Simple Linear

Combinations

—

* Can do a pretty good job reproducing the high energy and
low energy fluxes with simple linear combinations of

nearby angles: ¢ . = ¢(1.5") - 0.34¢(1.0°) — 0.42¢(2.5")
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Comparison of “True CCQE” Lepton

Kinematics

* Narrower “subtracted flux”
more sharply peaked lepton p-6, as expected

* More sensitivity to region of altered multinucleon kinematics

\ True CCQE Event Rate for Subtracted Flux

True CCQE Event Rate (Ev<5.0 GeV)
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Metric of Sensitivity
+ Use the NEUT model for\

pionless delta decay (PPD)

* Chose this for convenience... microphysical models are not
complete for neutrino energies above 1.5 GeV

+ Look at ratio of PPD to total cross-section
‘ Fraction of PDD Events | ‘ Fraction of PDD Events (Subtracted Flux)
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Conclusions
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Major Points

\

* Neutrino energy reconstruction is most likely altered
by multi-nucleon effects

* Models of these effects are difficult to construct and are
“effective’” models. Perhaps not sensible to trust our
success to these models without testing.

* By looking at ensembles of water target detectors at
different off-axis angles, can construct a “narrow
band’” derived beam

* First demonstration of the idea in a simple way.
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\

* Optimize off-axis angles and fitting procedure for
effective “narrow band” beam

* Repeat sensitivity study with different multi-nucleon
models (not just NEUT pionless delta decay)

* Update studies with all interaction modes to
understand the effect of backgrounds

* Make some reasonable assumptions about detector
efficiencies and resolutions

* Proceed to detector design
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Mean Field Approximation?

035

Mo 'J Seely etal.
\b{}.z{.‘: - PRL 103,
rI.‘E 0.15 ;202301(2009

# There are many hints = o0
that the mean field _
o EMggffectimodificatianieort.

inclusive cross-section

E ‘He
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e Recently, study of “size” of EMC gBt‘ia iﬁtltwo
effect in nuclei led to the bo%ndya
conclusion that effect seems to loosely held
vary with local rather than global n"(‘e"lj:‘r e

density of nucleus

(Figure courtesy APS Phys

Rev Focus)
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A Long-Standing Puzzle: The EMC

| , _ O BCDMS (Fe) \ |
arge Cpto ! : 12 |- ® SLAC E139 (Fe) QG‘(:\O(\ |
convincingly modification of | * EMC(Cy % _
. . . . [ “ :
quark distributions in a o | ;‘g} hadowin g \ [
-
nucleus & 1 Epry \»
SRR = % :
* No model of nucleus as an ’I 5 3 j i
. o . LR :
incoherent sum of nucleons can 08 _£I | {EI\I/IC elffeclt 1 o -

reproduce this effect.
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* No conclusive model of the X
collective behavior exists. (D. Gaskell, ECT*, Hadrons in the Nuclear Medium)
e Empirically, we know that the qualitative dependence on x
is the same for all nuclei
» But size of effect varies with the nucleus studied
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Quasi-Elastic Questions

o =l

CCQEtoe ate energy from
. reconstructed lepton

ross-section depenc
empirical form factors

* Nuclear physics can modify
estimated energies
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“Axial Mass Puzzle”

- o . = ‘\\
GeV/c2in vD, and pion electroproductio:
* A slew of low energy data (MiniBooNE, SciBooNE, K2K)

prefers a higher axial mass and therefore higher o

* What i1s going on in the nuclear environment to create this

effect?
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