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The SBN Program
● 3 LArTPC detectors at baselines ranging from 110 - 600m.
● Located along the Booster neutrino beam at Fermilab.
● Main goal is to search for light sterile neutrinos.
● Motivated by the LSND, MiniBooNE, Gallium & Reactor anomalies.
● Excess or deficit of observed events may be explained by oscillations

with an eV scale neutrino.
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Oscillation Probability

● PMNS mixing matrix
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● νe appearance automatically implies νe and νµ disappearance.
3 / 9



Analysis
● Produce a fit by combining oscillation physics + the cross-section,

flux and detector uncertainties.
● Combine data from all three detectors to produce a single SBN fit.
● Currently, the analysis of the νe appearance, and νe/µ disappearance

channels are independent.
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Spectra (νµ sample)
● Nominal νµ spectrum in the far-detector with interaction mode

breakdown.
● Overlayed with integrated oscillated spectrum (νµ disappearance).
● Assuming a POT of 6.6 × 1020 (3 years of detector operation)
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Spectra (νe sample)

● Nominal νe spectrum in the far-detector with interaction mode
breakdown overlayed with integrated oscillated spectrum.

● Neutrino beam is predominantly νµ - Event rate for νe << νµ
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νµ Sensitivities
● Sensitivities produced using the VALOR SBN analysis framework.
● Obtain a sensitivity for the entire SBN program (combine all three

detectors).
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● Using a 3+1 framework.

● Independent νµ
disappearance analysis.

● VALOR exclusion contours:
Applying flux + interaction
systematics (no detector)
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νe Sensitivities

● Independent νe appearance and disappearance analyses.

νe Appearance νe Disappearance

4−10 3−10 2−10 1−10 1
eµθ22sin

2−10

1−10

1

10

210)2
 (

eV
412

 m∆

 CL nue_app stat-only Geniev3σVALOR Modern 5

 CL nue_app stat+syst Geniev3σVALOR Modern 5

LSND 99% CL

KARMEN 99% CL

2−10 1−10 1
eeθ22sin

2−10

1−10

1

10

210)2
 (

eV
412

 m∆
 CL nue_disapp stat-only Geniev3σVALOR Modern 5

 CL nue_disapp stat+syst Geniev3σVALOR Modern 5

T2K/ND280 excluded 95% CL

T2K/ND280 allowed 90% CL

T2K/ND280 allowed 68% CL

sin22θµe = 4∣Ue4∣
2
∣Uµ4∣

2 sin22θee = 4∣Ue4∣
2
(1 − ∣Ue4∣

2
)

8 / 9



Conclusion

● Three LArTPC’s investigating multiple oscillation channels.

● Currently have individual analyses of νµ disapp, νe app and νe disapp.

● Eventual goal is to perform a joint analysis of the different oscillation
channels.

● Previous individual results in favour of sterile neutrinos only
at the 3σ - 4σ level.

● SBN will provide a definitive test at the 5σ level.
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Sterile neutrino motivation

● LSND and MiniBooNE observed and excess of electron (anti)
neutrinos from a numu beam.

● Reactor anomaly: Deficit of electron anti-neutrinos observed from β−

decays in fission products.

● Gallium anomaly: Deficit of electron neutrinos observed from
radioactive sources decaying via electron capture which were placed in
soloar neutrino experiments, SAGE and GALLEX.
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SBND & uB spectra
nue appearance
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nue disappearance
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Flux Systematics

Optical flux parameters

Hadronic interaction flux parameters (Berillium target, Aluminum horn)
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Flux Systematics cont.

Hadronic production flux parameters
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Proposal Interaction Systematics

Proposal neutrino interaction cross-section parameters
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Modern Interaction Systematics

Modern neutrino interaction cross-section parameters
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Modern Interaction Systematics cont.

Modern neutrino FSI parameters

17 / 9



Detector Systematics
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Sensitivities with Detector Systematics

● Exploring impact of fully correlated error (uncorrelated error at 0%).

● Exploring impact of uncorrelated error (correlated error fixed to 2%).
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