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Motivation
Introduction
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• The ability of Monte Carlo (MC) methods to provide detailed simulations for neutrino events plays 
an essential role in both data analysis and the planning of future experiments, however complete 
simulations are often lengthy and CPU-intensive.

• Balancing between physical accuracy of simulations and speed of computation.

Incoming neutrino 
flux Event generation Detector setup

For preliminary simulations, the solution is 
fast Monte Carlo methods.



Motivation
Introduction
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• DELPHES

• EIC Smear

• ATLAS Fast Track Simulation Project

• Tools for specific experimental setups (e.g. 
GLoBES)


• Few systems providing rapid preliminary 
smearing simulations for generic neutrino-
nucleon scattering events 

Within the area of detector response simulations:

But within the neutrino physics community,



• Energy smearing and angular smearing via 
parameterized model-based presets.


• Fast, generic, geometry-independent.


• Contribution package built onto the GENIE 
Monte Carlo event generator.


• Simulates energy and angular smearing 
between all flavors of neutrinos and nuclear 
targets within the MeV to PeV energy scales.

What Is NuSmear?
Introduction
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NuSmear

• Link to NuSmear GitHub pull request: https://github.com/GENIE-MC/Generator/pull/222

https://github.com/GENIE-MC/Generator/pull/222
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Simulation Process
Introduction
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1. Smearing model selection


2. Computation of resolution


3. Application of smearing 
distribution


4. Consideration of detection 
dependency 
 



Simulation Methodology
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Energy Resolution Computation - DUNE-CDR Model
Simulation Methodology
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• Up to three particle parameters to compute 
an energy resolution: total energy, kinetic 
energy, and magnitude of momentum.


• If a particle doesn’t pass the KE threshold, 
returns zero reconstructed energy.


• All DUNE-CDR geometric dependencies are 
omitted and approximated using numerical 
values.



Simulation Methodology
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• Simpler calculations than that of the DUNE-
CDR model.


• Single threshold comparison:                
check if KE > 50 MeV.

Energy Resolution Computation - Default Model



Simulation Methodology
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• Angular resolution value determined 
purely by particle type.


• On average more conservative than 
the DUNE-CDR model

Angular Resolution Computation - DUNE-CDR 
and Default Models



Simulation Methodology
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• Commonly used Gaussian 
distribution - how to exclude 
negative energy? 


• Truncation reduces the simulation’s 
accuracy to a real detector at low 
energies.


• NuSmear uses the log-normal 
distribution instead.

Smearing Distributions - Energy Smearing



Simulation Methodology
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Smearing Distributions - Energy Smearing
• Log-normal distribution takes the form

• Parameters  and  are given in terms of  
and 

μ σ m
Var[X]

• Moreover,  and  are related to 
 and  by

m Var[X]
Etrue RE

Mersenne Twister pseudo-random number 
generator (PRNG) to generate 
reconstructed energy.



Simulation Methodology
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Smearing Distributions - Angular Smearing
• Particle’s outgoing angle with respect 

to the incident neutrino, .


• Gaussian distribution:


•  = 


•  = 

θ

μ θ

σ RA

• Mersenne Twister generates 
reconstructed angle.



Simulation Methodology
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Smearing Distributions - Angular Smearing
• Particle’s outgoing angle with respect 

to the incident neutrino, .


• Gaussian distribution:


•  = 


•  = 

θ

μ θ

σ RA

• Mersenne Twister generates 
reconstructed angle.



Simulation Methodology
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Particle Detection Dependency
• More accurately simulate unobserved particles in real detectors.


• Within NuSmear’s DUNE-CDR model:


• Neutrons:  < 1 GeV/c 10% probability of escaping detection.


• (Detected) neutrons: 60% of the energy generated by the smearing distribution is 
returned to the user.

|p | →

• Within NuSmear’s Default model:


• Photons, neutrons, and antineutrons   50% probability of escaping detection.→



Validation of Smearing Performance
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Validation of Smearing Performance
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Energy Smearing - Complete MC Comparison

• Incoming electron neutrino flux derived from the the OPERA neutrino experiment.


• Compare neutrino energy smearing matrices (CC only) with OPERA complete MC.



Validation of Smearing Performance
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Energy Smearing - Complete MC Comparison
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Energy Smearing - Deconstructed by Particle 
Type

• Muon neutrinos incident on an Argon-40 target.


• Matrices deconstructed into multiple smearing 
matrices according to final state particle type. 


• Agreement with the resolution functions and 
detection dependencies of the model:


• Electrons, and positrons  less smearing.


• Protons  more smearing.


• Neutrons and antineutrons: energy reduced by 
constant factor (60% reconstruction).

→

→

DUNE-CDR Model

Validation of Smearing Performance
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Energy Smearing - Deconstructed by Particle 
Type

• Again, agreement with the resolution 
functions and detection dependencies 
of the model:


• Pions, muons, and kaons  less 
smearing


• Protons/antiprotons and neutrons/
antineutrons  more smearing.


• Some data points in neutron/
antineutron and photon matrices lie 
along the x-axis (50% detection 
dependency).

→

→

Default Model

Validation of Smearing Performance
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Angular Smearing - Complete MC Comparison

• T2K Electron neutrino flux


• Electron angular smearing matrices 
for ND280 near detector (CC only).


• Agreement:


• Main distribution.


• Points spread further: complex 
effects beyond NuSmear’s scope.

Validation of Smearing Performance
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Angular Smearing - Deconstructed by Particle 
Type

• Charged pion and muon matrices 
 less smearing.


• Proton and neutron matrices  
more smearing.


• Default smearing matrices exhibit 
more smearing than corresponding 
DUNE-CDR smearing matrices 
(more conservative).

→

→

Validation of Smearing Performance



Summary
• Generic, fast, parameterized system for modeling energy smearing 

and angular smearing.

• Model selection, resolution computation, application of distribution, 

detection dependency (for energy smearing only).


• Validation of NuSmear’s performance

• Strong adherence to the input models.

• Accurate reproduction of independent complete Monte Carlo 

simulation.
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Future Prospects

• Open access, adjustable smearing models - NuSmear naturally lends 
itself to user customization.


• Ranges from tweaking values to implementing new smearing models 
- potentially limitless complexity.


• Greater control, more precise simulation capabilities over a wide 
range of parameters.
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The future of NuSmear
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Further Angular Smearing Matrices - 
Deconstructed by Particle Type


