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Cosmic Rays
• Primary cosmic ray content is mostly 

protons and light nuclei 
• Heavier elements directly result from 

stellar evolution and death
• Interstellar medium is host to an 

abundance of matter and turbulence 
• Shockwaves are viable mechanisms for 

accelerating particles to very high 
energies 

• Evidence of this from decays observed 
using the Fermi Large Area Telescope 
[10.1126/science.1231160]
• Cosmic ray physics has been at the 

energy frontier long before modern 
particle physics was established… and 
will be for the foreseeable future

[https://www.iop.org/explore-physics/physics-around-
you/understanding-surroundings/cosmic-rays]

https://www.science.org/doi/10.1126/science.1231160


Air Showers
• Primary cosmic ray interactions with the 

upper atmosphere create showers of 
secondary particles 
• Conceptually identical to fixed target 

experiments 
• π and K mesons are abundant products 

which decay to muons and neutrinos 

• Both shower products are observable at 
deep underground laboratories

https://doi.org/10.3390/universe10080327



π and K Decay
• The altitude at which cosmic rays 

interact with the atmosphere depends 
on the scale height  
• During the warm season, the 

atmosphere is taller, and cosmics
interact sooner - opposite happens 
during the winter 

• More time for mesons to decay 
during summer 

• Muons produced most directly by the 
parent cosmic ray will have 
systematically higher energies 

• Pion interaction length:  Λπ = 180 g/cm2

• Kaon interaction length: ΛK = 160 g/cm2



Muons underground
• Overburden filters all muons below a 

depth-dependent threshold
• Local energy spectrum underground is 

hard - depends on depth
• Convenient parameterizations exist 

(e.g.: Mei & Hime, 2006 & Keblbeck et 
al, 2025)

• Cosmogenic backgrounds studied 
extensively by rare event searches 
across the world

• Each underground site is unique: 
Amount of overburden, topology, rock 
composition, location on the planet

• SNOLAB’s flat overburden and deep 
vertical depth will allow for the deepest 
measurement of the π /K ratio and test 
of the latest meson/muon production 
and transportation models adapted from Chin. Phys. C 45.2 (2021)

https://iopscience.iop.org/article/10.1088/1674-1137/abccae


Muon-induced bkgds
• High average muon energy at ~6 km.w.e is 

effective at producing hadronic showers in rock 

• Hadronic showers themselves lead to neutrons, 
isotopes, and electromagnetic backgrounds 

• Improved knowledge/monitoring of muons 
underground can better inform models for 
predicting backgrounds

• SNO and SNO+ recently published cosmogenic 
neutron yields for D2O ((w/wo salt) and H2O and 
find varying levels of agreement between Geant4 
and FLUKA [https://doi.org/10.1103/vs3y-sbb2]

• Discrepancies indicate that there’s room for 
improvement 

• Keblbeck et al have developed a tool to couple 
MUTE and Geant4 which enables detailed lab-
specific studies of muons and muon-induced 
backgrounds [https://doi.org/10.1103/7n8l-pr2g]

https://doi.org/10.1103/7n8l-pr2g


COsmic ray Seasonal Modulation Observatory

• Eight robust muon geotomography detectors 
based on extruded plastic scintillator technology

• 2 m2 footprint per detector 

• ~10 mrad angular resolution 

• High efficiency, low data storage requirements 

• Analysis infrastructure very mature

• Measure cosmic ray muons at SNOLAB in a 
dedicated way to probe cosmic ray and 
atmospheric physics at the depth frontier

• Develop new expertise in cosmic ray physics, 
muon-induced backgrounds



COSMO’s “v1” Muon Detectors
• Commercial detectors produced by spin-off of TRIUMF for muon 

geotomography applications

• Advanced Applied Physics Solutions —> CRM GeoTomography —> Ideon
Technologies (ideon.ai) 

• Ideon has since developed new deployable muon technology and CNL 
subsequently acquired the V1 hardware 

• Deployed next generation muon tracking technology (borehole and panel 
detectors) at Totten and Creighton mines

• Track reconstruction methods identical to those used in scattering 
tomography by CNL 

• v1 detectors are essentially different configurations of CNL’s CRIPT 
detector [ NIM.A. 798 (2015) 12-23 ]

• Require modest physical space due to rugged enclosure 

• ~900 kg of mass from enclosure/skid, interior frame, plastic scintillator

https://doi.org/10.1016/j.nima.2015.06.054


Possible Locations



Cosmic Rays Underground Simulations and Tracking 
• Highly complementary effort underway to facilitate more cooperation between SNOLAB 

experiments 

• Neutrino and Dark Matter searches either have dedicated Muon Vetos or the ability to 
identify muons 

• Aggregating this muon data, accounting for detector/experiment-specific systematics, will 
allow the creation of a large sample of muons at SNOLAB 

• Aiming to foster technical discussions and share latest developments in computational 
tools
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