
Author’s Accepted Manuscript

FLUKA Monte Carlo assessment of the terrestrial
muon flux at low energies and comparison against
experimental measurements

Angelo Infantino, Ewart W. Blackmore, Markus
Brugger, Rubén García Alía, Matthew Stukel,
Michael Trinczek

PII: S0168-9002(16)30933-0
DOI: http://dx.doi.org/10.1016/j.nima.2016.09.012
Reference: NIMA59310

To appear in: Nuclear Inst. and Methods in Physics Research, A

Received date: 10 March 2016
Revised date: 18 August 2016
Accepted date: 5 September 2016

Cite this article as: Angelo Infantino, Ewart W. Blackmore, Markus Brugger,
Rubén García Alía, Matthew Stukel and Michael Trinczek, FLUKA Monte Carlo
assessment of the terrestrial muon flux at low energies and comparison against
experimental measurements, Nuclear Inst. and Methods in Physics Research, A,
http://dx.doi.org/10.1016/j.nima.2016.09.012

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/nima

http://www.elsevier.com/locate/nima
http://dx.doi.org/10.1016/j.nima.2016.09.012
http://dx.doi.org/10.1016/j.nima.2016.09.012


FLUKA Monte Carlo assessment of the terrestrial muon flux at low energies and comparison against 

experimental measurements 

Angelo Infantino
a,b,*

, Ewart W. Blackmore
b
, Markus Brugger

a
, Rubén García Alía

a
, Matthew Stukel

b
, 

Michael Trinczek
b
 

a 
European Organization for Nuclear Research (CERN), Geneva 23, Geneva CH-1211, Switzerland 

b 
TRIUMF, 4004 Wesbrook Mall, V6T 2A3 Vancouver, BC, Canada 

*Corresponding author: Tel.: +41 22 76 74626.  E-mail address: angelo.infantino@cern.ch (A. 

Infantino) 

 

Abstract 

In recent years, there has been an increasing interest in the assessment and modelling of Galactic 

Cosmic Rays (GCR) particularly regarding the evaluation of the radiation effects on airline crew and 

passengers, interplanetary missions and on-board microelectronics. In the latter field, today the 

problem is not just limited to Single Event Effects (SEE) as used in avionics, but is more and more 

observed at ground level. Galactic cosmic muons, coming from the interaction of primary cosmic rays 

in the Earth’s atmosphere, represent the most numerous species at ground level. In this work, we used 

the Monte Carlo code FLUKA to assess the atmospheric and terrestrial neutron and muon differential 

fluxes at various altitudes and specific examples such as the geographic coordinates corresponding to 

New York City and Vancouver. In this context, particle energy spectra were compared with 

references available in literature, calculation results obtained by both the QARM and EXPACS codes, 

as well as recently performed measurements. In addition, the zenith angular distribution, at ground 

level, was assessed for both neutrons and muons and compared with available references. Differential 

particle fluxes assessed for Vancouver were used as a primary source to simulate a muon detector 

currently taking data at TRIUMF to evaluate the passing and stopping terrestrial muon rate under 

different conditions. Finally, simulations were compared with the experimental measurements made at 

TRIUMF. Results show an excellent agreement between the FLUKA simulations and both references 

and the experimental measurements made at TRIUMF. 
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1. Introduction 

Primary cosmic rays are galactic particles (protons, helium ions and heavier ions) with energies up to 

10
19

 eV. Primary cosmic rays are assumed to be isotropic; penetrating the Earth’s atmosphere and 

interacting with the atoms of the atmosphere causing a shower of particles, which we call cosmic rays. 

[1]. The composition of terrestrial ionizing radiation is largely due to this cosmic-ray shower in the 

Earth’s atmosphere: the incident ions create secondary particles during the interaction with the 

atmosphere and, after several generations of interactions, determine the sea-level environment 

consisting of a mixture of neutrons, protons, pions, muons and other particle species [2]. Due to the 

specific interaction mechanisms to which the various particle types are subjected, the attenuation of 
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