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 reconstruction is required  Eν

 from the final states particles kinematicEν

Monte Carlo event generators 
connects theoretical predictions to 
experimental measurement 

Neutrino interactions: GENIE, NuWro, GiBUU, NEUT

Particle transport: Geant4, Fluka 



Cross-section: Uncertainty in cross-section models




Neutrino experiments measure  interaction event rates:
ν

After oscillation: 


Particle selection is different for ND and FD: 


  depends on the kinematics of the final states which relies on cross-section model
ϵ

• Different model predicts different particle multiplicity in the final state. Which results in uncertainty 
(systematic)



Neutrino energy reconstruction:

Systematic Uncertainties in neutrino-nucleus interaction for precision physics 

(Calorimetric method)

Neutron Shell structure for C12

Neutron Shell structure for Ar40

Gaussian distribution for nucleon separation energy

(Sum of neutrons)
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Neutrino Flux:

NuFit  v5.3
Normal Ordering



CCQE: Purity Selection -> 1 mu + 1 proton + X neutron
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DUNE: 

Improvement in   (< 100 MeV)Erec



0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
 (GeV)νE

0

0.02

0.04

0.06

0.08

0.1

 P
D

F

C12

True Energy
Selection-GENIE
No Selection-GENIE
Selection-NuWro
No Selection-NuWro

 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
 (GeV)νE

0

0.02

0.04

0.06

0.08

0.1

 P
D

F

Ar40

True Energy
Selection-GENIE
No Selection-GENIE
Selection-NuWro
No Selection-NuWro

 

MicroBooNE:

Improvement in   (< 100 MeV)Erec



Purity Selection:
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DUNE 

MicroBooNE

“No FSI” slightly better!!! 



Conclusion:

Purity of QE selection for DUNE and MicroBooNE using calorimetric method

Selection of 1 proton, 0 pions, and X neutrons shows significantly well-reconstructed neutrino  
energy ( < 100 MeV)

Deviation from unity without FSI also highlighted the importance of other nuclear effects in 
energy reconstruction for precision physics 
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Neutrino interaction simulation :

Monte Carlo generators are used to predict neutrino flux,
 detector responses and generate interaction


MC predictions are compared with data




Neutrino Flux:

Current and Future neutrino experiments range 1-10 GeV


Systematic uncertainty by 10% flux uncertainty contribution (plans to reduce by EMPHATIC) 





