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Atmospheric neutrino production height

• A lot of the machinery to simulate atmospheric neutrinos in LArSoft 
is already in place. 
• GENIE comes with an atmospheric generator app, with flux 

drivers in place to interface with various fluxes (ie. Bartol, Honda). 
• Honda fluxes are most recent (2014), and include fluxes for the 

Homestake location (available here). 
• Art has a GENIEHelper class in the nutools package which can 

run this generator and produce atmospheric neutrinos in an art/
LArSoft output format. 

• One piece is missing: Honda’s neutrino production height tables, 
which have been made publicly available alongside the fluxes. 

• Oscillations driven by L/E, so we have to know L!
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http://www.icrr.u-tokyo.ac.jp/~mhonda/
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Production height simulation

• Neutrino production height tables are provided as cumulative probability distributions 
binned in energy and azimuth & zenith angles. 

• 101 log-uniform bins in energy, twelve 30° bins in φ and twenty 0.1 bins in cosθz. 
Probability distribution sampled in intervals of 0.05, with 0.01 and 0.99 at extremes. 

• Wrote a class HondaProdHeight to parse this text file and throw a production 
height for each neutrino generated in GENIEHelper.
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Production height simulation

• Construct one of these tables for each neutrino flavour provided (νe, 
νμ, νe, νμ). 

• Properly account for flavour mixing! This is especially important since 
we’re considering ντ events. 
• The code has to look back before the simulated neutrino’s flavour 

and determine what flavour the neutrino was prior to flavour-mixing. 
• After GENIE simulates the event, the production height code finds the 

appropriate height probability distribution, throws a random number 
and linearly interpolates between the two closest points in the 
distribution to read off a height value. 
• For ease, the endpoints of the probability distribution 0.01 and 0.99 

are set to 0 and 1.
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Coordinate transformation

• Honda and DUNE use different coordinate systems, and this has 
to be accounted for as a rotational correction to the neutrino 
direction when simulating events:
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Honda coordinate system 

Z points down 
Y points East 

X points South

DUNE coordinate system 

Z points away from FNAL 
Y points up 

X points SSW

• Apply a rotational correction: transform nu direction from DUNE into Honda 
coordinate system and then look it up in Honda’s production height table. 

• Phi is not handled properly yet due to a bug in GENIE, for which a fix is 
incoming. For now φ distribution of generated neutrinos is incorrect.
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Validation

• Simple in-and-out test using a νμ → ντ flux swap: 
• Produce a large-statistics sample, split it out into energy & direction bins, 

and then compare production height distribution to the Honda input! 
• After a few iterations, simulated events are now in good agreement with the 

Honda production height inputs.
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L/E spectra

• The neutrino path length is set as the fdktogen (ie. 
distance between decay and generation) in the MCFlux 
data product of the art event. 

• Can use this information to construct true L/E spectra:
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Other distributions
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Energy Zenith angle
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Access to files

• I have generator-level MC files available for all four initial 
flavours, which I’m happy to share. 

• In addition to the art files, I also have a flat tree containing 
neutrino energy, production height and direction for each 
event, which I can provide as a ROOT tree or a Pandas 
data frame.
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Next steps

• After producing these true distributions for all four initial flavours, the next 
step is to push these samples through the full G4, detsim, reco chain. 
• Starting with 100k events in each initial flavour, with a view to possibly 

topping up afterwards if necessary. 
• Using the full detector geometry will allow us to quantify things like 

containment and energy & angular resolution. 
• Also thinking about how to apply oscillations — need to better understand 

how a changing matter density affects how oscillations are applied. 
• For an early approximation we could try using nuCraft, a tool I found which 

calculates oscillation probabilities for changing matter density. 
• It has an option to average over neutrino production heights, although I 

don’t know where those numbers come from and how accurate they are.
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https://arxiv.org/pdf/1409.1387.pdf

