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Outline

To understand how best to integrate systematics into BSM searches
at next gen. ν expts, one starts by examining the challenges faced by
the current generation - a small sample is chosen for consideration:

1 BSM Searches at Beam Dumps
MiniBooNE DM
LBNF design and DM
BSM in COHERENT

2 BSM in LBL Experiments
MINOS/MINOS+
DUNE BSM

3 BSM with Atmospheric ν
IceCUBE ντ

IceCUBE NSI

4 Summary
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BSM Searches at Beam Dumps
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MiniBooNE DM Search
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Systematic Challenges of Beam Dump Expts

In off-target mode much more detailed simulation of material in
beamline is required.
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Systematic Challenges of Beam Dump Expts

MC sources of π± CCQE predicted vs data
Despite careful material accounting - prediction is 1.6× lower than
CCQE data
Movement of proton beam angle within ±2σ accounts for most of
the discrepancy

Phys.Rev. D98 (2018) no.11, 112004
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Results

DM signals would manifest as excess over prediction in NC (quasi)-
elastic (NCE) or NC π0 or ν − e scatter
No evidence for DM signal

Phys.Rev. D98 (2018) no.11, 112004
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Systematics summary for MB DM Search

Unconstrained uncertainties dominated by flux - but constrained un-
certs dominated by detector,xsec
Control data samples are v. important in reducing systs.

Phys.Rev. D98 (2018) no.11, 112004
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LBNF Beam Design challenges for BSM searches

LBNF hadron absorber (beam dump) design at CD1R (2015) was not
optimized - monitoring of tertiary beam muons difficult. Uniform
absorber design developed in 2017-2018:

2015 large gaps and non-uniformity in 2015 LBNF absorber would
have introduced larger ν backgrounds for DM searches.
BSM using LBNF dump proponents should get more involved in ab-
sorber redesign! 8 / 24
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Measurement of Coherent ν-Nucleus Scattering
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The COHERENT Experiment and Proposed
Upgrades slides from K. Scholberg
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Searching for BSM with CEνNS slides from K. Scholberg
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COHERENT Systematics
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COHERENT Systematics

Program of independent measurements of quenching factors using
sources or monochromatic neutron beams:

Reduction of detector systematics often requires precision indepen-
dent calibration measurements at external facilities
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COHERENT Systematics

Proposed D2O detector:

In many ν expts - precision ν flux measurements require independent
measurements on D (and H)
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BSM Searches at Long Baseline Experiments
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MINOS/MINOS+ Sterile Search

Long-baseline νµ → νx expts with high intensity wide-band beams
are very sensitive interferometers.
Combination of near/far, different detection channels (CC/NC) and
different flavors of νx enable reduction of many correlated systs
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MINOS/MINOS+ Sterile Search Results

Combination of low-energy ∼ 1− 8 GeV and medium-energy
∼ 4− 20 GeV beam running:

Simultaneous fit to ND
and FD distributions
No evidence of devia-
tion from 3-flavor

Phys.Rev.Lett. 122 (2019) no.9, 091803
15 / 24
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MINOS/MINOS+ Sensitivities and Systematics

Significant sensitivity to 3+1 over 5 orders of magnitude in ∆m2.
Higher ∆m2

41 mass range (driven by ND) is more sensitive to sys-
tematics like target hadron production and cross-sections. Lower
mass range (FD) statistical uncertainties dominate.

Phys.Rev.Lett. 122 (2019) no.9, 091803
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MINOS/MINOS+ Sensitivities and Systematics

Systematics contribution to sensitivity vary with sterile mass scale.
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Expanding LBL BSM Searches with DUNE

With a CPV optimized beam (low-energy):
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DUNE will expand LBL BSM searches by adding FD νµ statistics
and νe and ντ appearance signatures in FD if running in medium
energy tune is included in physics plan
New systematics are introduced: ND is not functionally identical to
FD, EM as well as hadronic energy scale uncertainties, ντ xsec and
acceptance uncertainties could reduce sensitivity to BSM
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Expanding LBL BSM Searches with DUNE

With a NuMI-like ME energy tune:
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DUNE will expand LBL BSM searches by adding FD νµ statistics
and νe and ντ appearance signatures in FD if running in medium
energy tune is included in physics plan
New systematics are introduced: ND is not functionally identical to
FD, EM as well as hadronic energy scale uncertainties, ντ xsec and
acceptance uncertainties could reduce sensitivity to BSM
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BSM Searches with Atmospheric ν (IceCUBE)
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IceCUBE Program
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IceCUBE ντ

Data distrbutions with best-fit neutrino and muon backgrounds
subtracted with simulated expected signal:

Combined NC+CC analysis. Good agreement between data and
prediction - but even though signal statistics are large, background
statistical uncertainties dominate
Some overlap with DUNE ντ appearance in range 5-10 GeV. Com-
bination could improve BSM sensitivities
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IceCUBE ντ

Current IceCUBE sensi-
tivity on par with SuperK
Potential for improve-
ments with upgrade.
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IceCUBE ντ

Systematics nuisance parameters:

Detector systematics dominate -
in particular optical model
Uncertainties on oscillation pa-
rameters ∆m2

32 next largest (no
external constraint?). Phys. Rev. D99 (2019) no.3, 032007
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IceCUBE Upgrades
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Searches for NSI with IceCUBE

There is sensitivity for small
values of εµτ < 0.01, but no
evidence for NSI.

JHEP 1701 (2017) 141

22 / 24



Systematic
Limitations of
BSM Searches

in Neutrino
Experiments

Mary Bishai
Brookhaven

National
Laboratory

BSM Searches
at Beam
Dumps
MiniBooNE DM

LBNF design and
DM

BSM in COHERENT

BSM in LBL
Experiments
MINOS/MINOS+

DUNE BSM

BSM with
Atmospheric ν

IceCUBE ντ

IceCUBE NSI

Summary

Searches for NSI with IceCUBE

Fit parameters for this analysis for 4 different cosmic MC and
hadronic models:

JHEP 1701 (2017) 141

Uncertainties in cosmic MC and hadronization models introduce ad-
ditional uncertainties to NSI sensitivities
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Searches for NSI with IceCUBE

Posterior probabilities for εµτ after
marginalizing over all fit
parameters for 4 choices of cosmic
ray spectrum+hadronic models

68% and 95% contours when all
nuisance parameters set to default
value

JHEP 1701 (2017) 141

Uncertainties in cosmic MC and hadronization models introduce ad-
ditional uncertainties to NSI sensitivities
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Summary and Conclusions
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Summary and Conclusions

Searches for BSM and dark matter in ν experiments share many
of the same uncertainties with the SM measurements of ν
oscillations and properties: flux, detector, cross-sections
Some uncertainties are unique to BSM searches e.g. beam dump
geometries and materials for DM searches.
Reduction of the dominant systematics on detector response and
ν flux necessitate external calibration and measurements. For
e.g flux measurements on D or H for accelerator based
experiments, external measurments of hadronization for atm.
expts, testbeam expts to calibrate detector response

BSM signals that impact different signal samples - particularly in
the same experiment- enable more constraint on systematics and en-
hanced sensitivity.
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