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Future Experimental ⱨ
Physics

ÅGoal:
ÅExtract ’oscillation parameters

ÅImplications
ÅLeptogenesis, cross sections, †production, 

BSM, Non -Standard Interactions

ÅChallenges
ÅBroadband ’spectra

ÅUnknown initial ’energy
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Water Cherenkov 
Detectors

ÅSuper & Hyper -Kamiokandeôs
technology
ÅWell understood, battle tested
ÅHuge masses, statistic s

ÅOxygen as nuclear target
ÅñSimpleò symmetric nucleus

ÅReconstruct particle 
momenta from Cherenkov 
rings
ÅHigh proton thresholds
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Liquid Argon Time Projection Chambers

ÅDUNEôs technology

ÅArgon as target
ÅComplex nucleu s

ÅIonization of LAr for 
track reconstruction
ÅLow proton 

thresholds
ÅὨ1ȾὨίͯὨὉȾὨίfor 

calorimetry
Å‎ȾὩseparation power

Animation from Bo Yu (BNL)
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Khachatryan, M., Papadopoulou, A., Ashkenazi, A. et al. Nature 599, 565ς570 (2021)

Adapted from A. Ashkenazi and A. Papadopoulou

https://www.nature.com/articles/s41586-021-04046-5#Abs1


How do we measure oscillation parameters?
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Nature 599, 565ς570 (2021)
Phys. Rev. D 91, 072010 (2015)Adapted from A. Ashkenazi and A. Papadopoulou

Measure ’interaction counts in our detectorsé
Must use an interaction model to deconvolve the ’flux

ὔ Ὁ ȟὒ ɮ Ὁ ȟὒ„Ὁ Ὑ Ὁ ȟὉ ὨὉ
measured ’flux interaction model

Required!

ɮ Ὁȟὒᶿὖ ᴼ Ὁȟὒɮ Ὁȟͯπ

Near detector 
constraint

ᶿOscillation 

parameters!

https://www.nature.com/articles/s41586-021-04046-5#Abs1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.072010


Generate w/GiBUU, Reconstruct with GiBUU

Phys. Rev. D 89, 073015 (2014)

Generate w/GiBUU, Reconstruct w/GENIE

╞

True 
input 
point

Best 
fit!

Adapted from A. Papadopoulou

ÅLeads to 
misreconstruction

ÅMisinterpretations 
of experimental 
results!
ÅBad oscillation 

parameters
ÅFake systematic 

effects?
ÅNew physics?

Implications 
of 

Mismodeling
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