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• The topic spans many different groups and interests: 

https://www.snowmass21.org/docs/files/summaries/NF/SNOWMASS21-NF6_NF3-
TF11_TF5_LauraFields_RichardHill_TomJunk-165.pdf



• Why new H/D data?
• We have only very imprecise data for neutrino-nucleon 

interactions 

• Better data would impact many areas of precision measurements 
in and beyond Standard Model, in and beyond the DUNE era

• Direct measurements on H/D desirable from both theory and 
experimental perspectives 

• nucleon level interactions are the natural meeting point of 
particle and nuclear 

• important interplay of theory and experiment to motivate, 
collect, analyze, and apply new precision data
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• NuSTEC lives at the particle-nuclear and theory-experiment 
interfaces

• Why NuSTEC?
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• Mailing list: 

hydrogen_neutrino_detectors@listserv.fnal.gov

• We have had a very stimulating series of talks and 
discussions

(apologies, not an exhaustive list)
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July 29, 2020, Ryan Plestid, “New Physics impact of H/D targets at LBNF”
tonne-scale H detector can probe new models, e.g. very light 
and very weakly interacting   

- lepto-phobic or hadro-philic, or 
- xsec/nucleon larger on free nucleon (e.g. spin/isospin 
coupling, or absence of Pauli blocking, etc., or 

- signal involves small nucleon recoil, or  

- …

July 29, 2020, Xianguo Lu, “H from kinematic separation/subtraction 
versus pure H”

tonne-scale H detector can probe new models, e.g. very light 
and very weakly interacting   
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August 5, 2020, Luis Alvarez-Ruso, “Inelastic processes”

Many neutrino-induced inelastic processes poorly constrained 
already at the nucleon level

August 5, 2020, Roberto Petti, “H/D from kinematic separation and 
subtraction”

August 5, 2020, Oleksandr Tomalak, “sensitivity of polarization 
observables to axial and pseudoscalar form factors”

potential sensitivity to SM and BSM physics from target, beam, 
recoil asymmetries
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August 13, 2020, Huey-Wen Lin, “Lattice QCD and Neutrino-Nucleus 
Scattering”

lots of complementarity/positive interference between lattice 
QCD and experimental measurements 
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August 19, 2020, Mikhail Gorshteyn, “Vud and CKM unitarity”

≳ 3 sigma unitarity violation from Vud 

reanalysis of radiative corrections, sensitivity to F3 structure 
function for inclusive neutrino scattering 
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August 19, 2020, Jorge Morfin, “Inelastic Processes/Bubble Chamber 
Detectors”
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December 7, 2020, Dustin Keller, “Polarized Target”

potential for asymmetry measurement e.g. on NH3/ND3 target, 
analogous to Spinquest

novel way to extract certain nucleon-level (H,D) information 

August 26, 2020, Bryan Ramson “Bubble chamber R&D”

ideas for bubble chamber R&D
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Neutrino Scattering Measurements on Hydrogen and

Deuterium: A Snowmass White Paper

Alan Bross, Laura Fields, Richard Hill, and Tom Junk

July 8, 2020

Abstract

Neutrino interaction uncertainties are a limiting factor in current and next gen-
eration experiments probing the fundamental physics of neutrinos, a unique window
on physics beyond the Standard Model. Neutrino-nucleon scattering amplitudes are
an important part of the neutrino interaction program. However, since all modern
neutrino detectors are composed primarily of heavy nuclei, knowledge of elementary
neutrino-nucleon amplitudes relies heavily on experiments from an earlier age whose
statistical and systematic precision are insu�cient for current needs. In this white
paper, we outline the motivation for attempting measurements on hydrogen and/or
deuterium that would improve this knowledge, and discuss options for making these
measurements either at the DUNE near detector or at a dedicated facility.
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1 Introduction

Current and next generation accelerator-based neutrino experiments are poised to an-
swer fundamental questions about neutrinos. Precise neutrino scattering cross sections
on target nuclei are critical to the success of these experiments. These cross sections
are computed using nucleon-level amplitudes combined with nuclear models. Regard-
less of whether nuclear corrections are constrained experimentally or derived from first
principles, independent knowledge of the elementary nucleon-level amplitudes is essen-
tial.

This report explores the opportunities and challenges of a new elementary target
experiment. Section 2 discusses the need for new constraints on elementary amplitudes.
This topic is independent of the source of new constraints and simultaneously serves to
delineate the need for, and impact of, complementary constraints such as lattice QCD.
After surveying the current status, we consider the quantitative impact that improved
measurements would have for the neutrino oscillation program, and also for physics
measurements and searches beyond neutrino interaction constraints, and beyond the
Standard Model. Section 3 considers possible experimental configurations for a new H
or D experiment. Section 4 is a summary.

2 Scientific Motivation

Our understanding of these nucleon-level amplitudes comes predominantly from elec-
tron scattering measurements on hydrogen and light nuclei to constrain vector current
interactions; and less-precise neutrino scattering measurements that constrain axial
vector current interactions. The available neutrino data on hydrogen or light nuclei
come from bubble chamber experiments of the 1970’s and 1980’s [65, 19, 67, 17, 56].
These data have served the community well but have essential shortcomings. They
have small statistical precision, coming from relatively feeble neutrino beams of an
earlier era; and they have poorly constrained systematic uncertainties associated with
hand-scanning of events and a poorly known flux. Moreover, in most cases, event-
level data has been lost, and information exists only as one-dimensional projections in
publications.

These experiments were pioneering in their age, and probed qualitative features
of neutrino interactions that helped establish our modern Standard Model of strong
and electroweak forces; they were not designed to underpin the ambitious neutrino
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draft table of contents: (rough and a bit out of date)

Draft white paper exists, discussions ongoing to determine which studies 
to pursue/include  
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Some discussion of particular nucleon-level amplitudes 
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Some discussion of reusing Fermilab 15 foot chamber 
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Some discussion of site selection outside DUNE ND Hall
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above. This facility will be o↵-limits to personnel while the detector is filled with
hydrogen or deuterium. A liquid hydrogen target is a convenient choice for maximizing
the density of the hydrogen or deuterium, which is needed in order to keep the size
of the facility small as possible. In order to produce neutrino event statistics that are
100⇥ that of the old bubble chamber data, we require ' 1t fiducial mass. With this
mass Table 3.2 and Table 3.2 show the predicted event rates in FHC for hydrogen and
deuterium, respectively and Table 3.2 and Table 3.2 show the predicted event rates in
RHC for hydrogen and deuterium.

Table 1: Predicted events per metric ton per year for the LBNF beam (1.1⇥ 1021 POT) on
Hydrogen, FHC.

process ⌫e ⌫µ ⌫̄e ⌫̄µ

Total CC 14213.7 928810 4531.34 89068.1
CCQE 0 0 1012.17 27519.9
CCRES 5501.28 527079 890.43 18136.4
CCDIS 8052 359419 2414.98 38695.2
CC charm 166.254 4630.46 40.1165 615.716
CCDFR 438.431 35326.6 128.317 2912.18
Total NC 7304.3 508419 1355.4 27230
NCQE 1115 110667 186.152 5333.75
NCRES 2035.49 191061 365.144 8141.04
NCDIS 3932.28 188098 739.391 12229.4
NCDFR 221.542 18304.2 64.7119 1499.32

Table 2: Predicted events per metric ton per year for the LBNF beam (1.1⇥ 1021 POT) on
Deuterium, FHC.

process ⌫e ⌫µ ⌫̄e ⌫̄µ

Total CC 21492.1 1.40822e+06 3287.95 62378.9
CCQE 2896.18 291186 427.559 11349.7
CCRES 5589.25 520539 862.322 18219.7
CCDIS 12391.1 562500 1842.94 29442.9
CC charm 233.94 6438.96 38.9266 597.785
CC coh 288.401 23078.3 80.5561 1824.57
Total NC 7516.23 519739 1329.63 26500.7
NCQE 1105.11 109954 182.843 5169.28
NCRES 2122.27 199389 371.05 8221.84
NCDIS 4145.86 197752 735.862 12125.6
NC coh 142.984 12500.5 39.8791 970.796

There are two possible choices for an active-target liquid hydrogen detector – a
liquid-hydrogen bubble chamber that is read out optically on each spill, and a time-
projection chamber that collects drifting electrons from ionized hydrogen molecules.
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preliminary

Some event number estimates  



• Next steps 

• A really interesting group of people and discussions

• Choose an existing or new topic to contribute
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• Draft white paper exists.  May be useful to decouple from 
extended Snowmass timescale

• Please get in touch if you are interested to join the mailing list, 
meetings, and/or catch up on slides and reading material


