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QUASARE Project
• QUAntification of Spectral and Angular characteristics of extreme Solar 
eRuptive Events

• Part the analysis for these events involves determining the asymptotic viewing 
cones and cutoff rigidity at neutron monitor stations.

• These values are complex to compute and are determined via numerical 
integration.

• A program is needed to preform these calculations.



MAGNETOCOSMICS
Developed by Dr. Laurent Desorgher whilst at the University of Bern, Switzerland

Functions:

• Computes asymptotic direction of incidence

• Computes cutoff rigidity based on inputs of time, direction, and position

• Visualises particle trajectories and magnetic field lines

More info at: http://cosray.unibe.ch/~laurent/magnetocosmics/

http://cosray.unibe.ch/~laurent/magnetocosmics/


MAGNETOCOSMICS
• Issues:

• MAGNETOCOSMICS was last updated in 2006 to be compatible with Geant4 8.1

• Current Geant4 release is 11.0

• Oldest Geant4 release available on the official website is version 9.6

• (https://geant4.web.cern.ch/support/download)

• Very difficult to get MAGNETOCOSMICS to work on new software!

• SPENVIS (https://www.spenvis.oma.be/)

https://geant4.web.cern.ch/support/download


OTSO - Open source 
geomagneToSphere prOpagation tool

Aim:

• Create an alternate tool to MAGNETOCOSMICS that fulfills the same purpose.

• To provide a solid, functional foundation for a community driven tool.

• All computations can be done under various magnetospheric conditions.

Functions:

• Model the trajectory of a CR in the magnetosphere

• Calculate the cutoff rigidity at any specified location on the globe at any time

• Determine the asymptotic cones of acceptance for any given location

• (Currently doesn’t visualise magnetic field lines)



OTSO Languages
PYTHON

Simple language

Used to call OTSO’s functions

Used to define input parameters

Easy multicore processing

FORTRAN

IRBEM Library

Tsyganenko models (Geopack)

Intensive Computations

F2PY

Downloading anaconda and a suitable Fortran compiler (gfortran) is all you need to use the tool.



Magnetic Field Models

Internal

• IGRF13

• Tilted Dipole

External (Tsyganenko Models)

• No External Field

• TSY87S

• TSY87L

• TSY89 

• TSY96

• TSY01

• TSY01 - Storm

Fastest

Slowest

All models can be found from Tsyganenko’s website 

https://geo.phys.spbu.ru/~tsyganenko/modeling.html

To be added in the future:

Geomagnetic excursion models

https://geo.phys.spbu.ru/~tsyganenko/modeling.html


How OTSO Works

• Numerical integration of equations of motion using 
the 4th order Runge-Kutta method used. 

• Key difference between MAGNETOCOSMICS and 
OTSO is the integration method.

• Trajectory computed backwards from the Earth’s 
surface to the magnetopause boundary.

Image: Bütikofer, R. (2018). Cosmic Ray Particle 
Transport in the Earth’s Magnetosphere



Example Script – Cone Function

• NM location data stored in external .csv file
• Unique locations can be checked as well



Example Script – Cone Function

• Output designed to be as similar to MAGNETOCOSMICS as possible



Example Script – Cone (README)
• README file is produced storing the information related to the computation



Trajectory
• Individual trajectories 
can be computed

• Standard output in 
geocentric coordinates

• Coordinate system can 
be changed

GLE71

Start Position: Oulu

Rigidity: 0.50GV

Result: Forbidden

Reason: Exceeded travel distance 
without escape

GLE71

Start Position: Oulu

Rigidity: 0.60GV

Result: Allowed



Cutoff Comparison – GLE70



Cutoff Comparison – GLE66



Global Vertical Cutoffs

Absolute Difference in Global Effective Vertical Cutoff vales during GLE70 using OTSO and 

MAGNETOCOSMICS



Global Vertical Cutoffs Anomaly
Side by side comparison of the South Pacific anomaly shown previously. 

Data taken from longitude of -140°



Asymptotic Cone GLE70 - Oulu



Summary
• OTSO shows promise for being a useful tool that can be developed by the community

• Very simple and easy to get working on any computer

• Easy to edit and customise

• Differences in results between OTSO and MAGNETOCOSMICS is a result of differing 
integration methods



Thank you for Listening

Contact:
Email: nicholas.larsen@oulu.fi
Phone: +358414973008

Otso = “King of the Forest” = 

mailto:nicholas.larsen@oulu.fi

