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Collaborators—see their recent atm. 𝜈 PRL

Pedro Machado Ivan Martinez-Soler
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.081801
http://inspirehep.net/author/profile/P.A.N.Machado.1
http://inspirehep.net/author/profile/I.Martinez.Soler.1


Goals for “the” atmospheric samples
Goals:
◦ To generate a set of oscillated atmospheric samples across nuclear model 

configurations to serve as background for rare event searches such as 𝑛 → ത𝑛
and 𝑝 → 𝐾+ ҧ𝜈
◦ Oscillations provide a portal for 𝜈𝜏 appearance, and can particularly give rise to CC backgrounds to 

𝑛 → ത𝑛 due to multipionic decays, though NC backgrounds are still expected to dominate for 𝑛 → ത𝑛

◦ These samples are being generated to study the effect of nuclear model configuration iteration on the 
separability of signal and background, not themselves to be used for oscillation studies

◦ Will use “nominal” oscillation parameters from world data best fits, but can be editable if you like

◦ 2 × 6 × 100,000 samples will be generated (and reconstructed)
◦ Six nuclear model configurations: hN2018, hA2018 ⨂ BR, LFG, ESF

1. For 𝑛 → ത𝑛 using out of the box GENIE cross sections and generators, as dictated by tunes

2. For 𝑝 → 𝐾+𝜈 using a new additional 𝐾+ production channel, recommended by Marco Roda

◦ Plan to have all of these available through the FNAL gpvm machines
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Process for atmospheric oscillation calculations
After discussions, was given modified code by Ivan using GSL libraries

◦ Calculates oscillation probabilities and total event numbers from given Honda 
flux file structures for any site in average 𝜈ℓ/𝑦𝑟 from 0.1 − 10,000 GeV
◦ Assumes the normal hierarchy

◦ Includes density changes in the earth’s geological makeup (as concentric shells)

◦ Averages over angular bins

◦ Treats atmosphere as vacuum, with 𝜈 production height set at 15 km (this is a parameter)

◦ 𝜃12 = 33.48°, 𝜃13 = 8.5°, 𝜃23 = 45°, Δ𝑚21
2 = 7.5 × 10−5 𝑒𝑉2, Δ𝑚31

2 = 2.5 × 10−3𝑒𝑉2, 𝛿𝐶𝑃 = 90°

◦ All parameters can be easily changed, and it is all scriptableAtmFlxOsc.cpp
by Ivan Martinez-Soler

⟹
g++ -o flux AtmFlxOsc.cpp -lgsl –lgslcblas

./flux hms-ally-20-12-solmax.d > hms-ally-20-12-solmax_3FlavOsc.d

hms-ally-20-12-solmax.d
See Honda group site and associated article

hms-ally-20-12-solmax_3FlavOsc.d
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https://liveutk-my.sharepoint.com/:u:/g/personal/jbarrow3_vols_utk_edu/EVAq-jCipANNk1At_EtcnIUBwRpaw--zaXFNhnwpv0D1nw?e=KTSuDc
https://liveutk-my.sharepoint.com/:u:/g/personal/jbarrow3_vols_utk_edu/EZ3EQEc-PthBiFoPgVSjTxoBybCS2qa5ycbF54-teL0lyg?e=Yaw91j
http://www.icrr.u-tokyo.ac.jp/~mhonda/nflx2014/index.html
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.92.023004
https://liveutk-my.sharepoint.com/:u:/g/personal/jbarrow3_vols_utk_edu/EaSbLUPX-WRLol1Q9MsFv40BDUFZaT2dkvgnEUHaEe7FYQ?e=8ABi8H


GENIE changes and sample production
Quite simple changes were made to GENIE’s 
src/Tools/Flux/GAtmoFlux.cxx and GHAKKMAtmoFlux.cxx
flux drivers to allow for six 𝜈 types to be read in from newly 
calculated oscillated Honda flux files

◦ These are available in my personal geniegpvm repository, but 
will not be pushed to git for now (soon), but I doubt that GENIE 
has an interest in integrating them into their build

◦ See /genie/app/users/jbarrow/genie-v3/Generator

Six new nuclear model configuration tunes were constructed

Splines are being generated across all 𝜈 types for all nuclear 
model configurations

◦ Can have marginal differences on how cross sections are 
calculated due to momentum distributions
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https://github.com/joshuabarrow221/Generator/blob/master/src/Tools/Flux/GAtmoFlux.cxx
https://github.com/joshuabarrow221/Generator/blob/master/src/Tools/Flux/GHAKKMAtmoFlux.cxx


Comparisons: 𝐸𝜈
SUPER-KAMIOKANDE

HOMESTAKE SITE, GENIE PRODUCTION

(0.1 − 2.0 GEV, 10,000 EVENTS)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.94.052001


Azimuthal 
angle 𝜃
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Comparisons: 𝜈𝜏 counts by cos(𝜃)
SUPER-KAMIOKANDE

(5326 DAYS, CC, > 1.3 GEV VISIBLE ENERGY)

HOMESTAKE SITE, GENIE PRODUCTION

(0.1 − 2.0 GEV, 10,000 EVENTS)

9/4/2019 DUNE NUCLEON DECAY AND HIGH-ENERGY PHYSICS WORKING GROUP MEETING 8

https://pos.sissa.it/295/059/pdf


Polar/zenith 
angle
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A word on other backgrounds…
…need to check that many rare SM branching channels are included in GENIE!
9/4/2019 DUNE NUCLEON DECAY AND HIGH-ENERGY PHYSICS WORKING GROUP MEETING 10

https://arxiv.org/pdf/1505.07459.pdf

