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1995: LSND results
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1995: LSND results

!3

Requires an additional neutrino 

LSND

Bugey

KARMEN

Δm2
atm ∼ 10−3eV2

Δm2
solar ∼ 10−5eV2

Sterile : no electroweak interaction 
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Analysis in 2+2 and 3+1 picture 
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S. Goswami, hep-ph/9507212
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SISSA, 2017 



 LSND  results
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LSND PRL 1995,
PRD 2001



MiniBoone 
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A.A. Aguilar Arevalo, PRL 121, 221801, 2018.  

⌫µ ! ⌫e

⌫̄µ ! ⌫̄e
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Same L/E as LSND 

Neutrino Mode 
Antineutrino Mode 



LSND and MiniBoone 
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MiniBoone : neutrino + antineutrino  

Two neutrino fit 
Combined significance               ⇠ 6�
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A.A. Aguilar Arevalo, PRL 121, 221801, 2018.  



Disagreement among experiments 
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Low Energy Excess in MiniBoone
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Excess
4.5�
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Cannot be explained in terms of 3+N scenarios 



SBN@FermiLab 
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3 Liquid Argon TPCs located along  the  
Booster Neutrino Beamline in FERMILAB



MicroBoone Results 

❖ Disfavour NC                as origin of  LEE  94.8% C.L. 

❖ No  electron  neutrino  excess in data 
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See however
.https://arxiv.org/pdf/2111.10359.pdf 

 
The electron neutrino excess cannot be
 excluded in a model independent way   

New physics ? 

Result from  all 3 detectors in SBN 

https://arxiv.org/pdf/2110.14054.pdf

https://arxiv.org/pdf/2111.10359.pdf


3+1 fit : MiniBoone and MicroBoone
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3+1 scenario  preferred at 4.3σ

Phys. Rev. Lett.129 (2022) 



Impact   on  future Neutrino Oscillation 
Experiments 
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Liquid Argon Detector (DUNE) 
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Fermilab

DUNE PRISM:   off-axis, movable         

Far Detector 
Liquid Argon  Time
 Projection Chamber 

On-axis

Also sensitive to 
atmospheric neutrinos

Both muon and electron  
events in Liquid Argon



3 and 3+1 Scheme 
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Beyond 3 flavours 

❖ Impact of sterile neutrinos  on oscillation probabilities 

❖ Sub-leading effect 

❖ Extra parameters and degeneracies 

❖ How does it affect the determination of ordering, octant 
of 2-3 mixing and CP phase ? 

❖ Constraints on sterile parameters 
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Hierarchy sensitivity in 3+1 picture 
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Hierarchy sensitivity reduces in presence of sterile neutrino, but still substantial 

Chatterjee, Pan, Goswami, 2023

DUNE 1300 km 

θ34 = 0



Degeneracies in presence of a sterile neutrino 

❖ For fixed hierarchy  8-fold degeneracy 

❖ If hierarchy is unknown 16-fold degeneracy 
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Octant sensitivity in danger ? 
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For certain combinations of 
phases very low  octant 

sensitivity 

Agarwalla, Chatterjee, Palazzo, PRL (2016) 

eV scale sterile neutrino 

DUNE detector 1300 km baseline



Oscillogram of Octant sensitivity 
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For fixed phases, variation over phases can reduce sensitivity further 

For  5-7 GeV and                 in the range  -0.5 - 0.9 sensitivity is more  cos θν



Effect of Phases : 
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Pμe



Effect of  Phases  :   
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Pμμ



Can atmospheric neutrinos help ? 
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Beam and atmospheric neutrinos combined for a Liquid Argon detector 
Animesh Chatterjee, Supriya Pan, SG, 2212.02949

Beam 3.5 + 3.5 years Atmospheric :  40 kt X 7 years = 280 kty



Synergy  
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Degenerate solutions 
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WO
Wrong Octant solutions in

 plane δ13 − δ14

Poor precision of     δ14

Animesh Chatterjee, Supriya 
Pan, SG, 2212.02949



Summary 

❖ Increased parameters in 3+1 picture give rise to 
additional degeneracies

❖ Precision  of 3 generation parameters can become worse

❖ Octant sensitivity  can be very low for 1300 km beam 
experiment 

❖ Adding beam + atmospheric neutrinos can help in 
increasing the sensitivity 
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NOW 2022, Ostuni 
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Raising a toast  for more 
physics and more fun 
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BACKUP SLIDES
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Charge ID in Liquid Argon 
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       can  get captured in liquid Argon μ−

Lifetime of the muon resulting in 
capture and decay 



Cosmological constraints 
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M.Adams et al.  Eur. Phys. J.80 (2020) 

Interactions with an ultralight scalar  

Y. Farzan, Phys. Lett. B. 2019 
J.M. Cline, Phys. Lett. B 2020

Large lepton anti-lepton asymmetry 
in the Universe 

Foot and Volkas, PRL 1995 

Low reheating temperature 

Gelmini, Palomarez-Ruis, Pascoli, PRL  2004 


