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Long-Baseline Neutrino Experiments

Sanford Underground

Research Facility Fermilab
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Neutrino beam created (in this instance at Fermilab)
Neutrino beam measured at near detector
Another detector placed large distance away to measure neutrino oscillations

Current & Future Experiments: NOvVA, T2K, Hyper-K, DUNE
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Neutrino Flux Measurement Uncertainty

Largest source of flux uncertainty results
from Hadron Production (HP) uncertainty:
Uncertainty of the number of hadrons
that are produced from the Proton-Target
interaction
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ure 4. The largest principal component (component 0)

matches the hadron production uncertainty on nucleon-

nucleus interactions in a phase space region not covered
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experiments [1-4]. However, it is difficult to simulate
the flux precisely due to uncertainties in the underly-

N.

is precisely known. Consequently a measurement of this process in an accelerator-based v, beam ing physical processes, particularly hadron production

can improve the knowledge of the absolute neutrino flux impinging upon the detector; typically
this knowledge is limited to ~ 10% due to uncertainties in hadron production and focusing. We

arXiv:1512.07699 [physics.ins-det]

in proton-nucleus interactions. To reduce flux-related

arXiv:1211.0469 [hep-ex] 4
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Neutrino Beam Flux Uncertainty
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Image thanks to
Brant Rumberger

Neutrino beam depends on primary and
secondary hadrons produced in the beamline!

Mesons produced through strong interactions
which can’t be predicted precisely



NA61/SHINE

Experiment located at the North Area of CERN
SHINE: SPS Heavy lon and Neutrino Experiment
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NAG61/SHINE Replica Target Measurements for T2K

Provides external hadron production measurements for neutrino experiments

Example: T2K Replica target reduced its uncertainty via NA61
SK: Neutrino Mode, L

T2K Work in Progress

Replica Lukas Berns (NBI 2019)
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How does NA61 make these measurements?

Replicate hadron beam on target of interest

Trigger on events from correct interactions

a. Ensure beam particle of correct type
b. Identify that the particle interacted within target

Reconstruct particle tracks

|dentify hadrons in the reconstructed track



Reconstruct Particle Tracks

Time Projection Chambers (TPCs)

Incoming particles ionize gas volume— electrons drift toward readout plane due to
E-field where they induce charge on the pads

NAG61 Detector Setup (Top View) Example of TPC track readout
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Particle Identification

VTPCs: Give particle charge
VTPCs + MTCPs: Give dE/dx & particle path

These give energy deposition vs momentum (Bethe-Bloch curve) —Particle 1D
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Recent Thin Target Results
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Upcoming NuMI Replica Target Analysis & Future
Measurements

2018 NuMI Replica Target Geometry imported into software framework
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Streamline calibration and analysis process for
long targets to be applied to LBNF Replica
target data in 2024

Right: Reconstructed Monte Carlo
event display using above replica
target geometry
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Summary

Hadron production uncertainty limits our neutrino flux measurement uncertainty
NAG61/SHINE provides external hadron measurements
Recent proton-Carbon @ 120 GeV on thin target measurements were shown

Future Results: 2018 NuMI Replica target results (currently being analyzed) &
LBNF Replica target data taking to come

14



