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Earth's geomagnetic field is evolving rapidly (in geological time), and as a consequence 

the amount of geomagnetic shielding at a specific location is also changing. Geomagnetic 

cutoff rigidities derived from the International Geomagnetic Reference Fields (IGRF) are 

a basic quantity necessary to compute the cosmic radiation exposure at locations around 

the world. The most recent generation of the IGRF describes Earth's magnetic field to 

previously unattainable precision. The use of the Epoch 2015 geomagnetic field 

coefficients in the trajectory-tracing technique gives a more precise set of vertical 

geomagnetic cutoff rigidity values than previous internal field models. For example, an 

increase in cutoff rigidity values in the Western North Atlantic Ocean area and eastern 

North America is the result of the geomagnetic "westward drift". 

On a world-wide basis the cutoff rigidity values have decreased consistent with a 

decrease in the magnitude of the geomagnetic dipole term. While requiring an extremely 

stable neutron monitor over a long time period, neutron monitors in areas of the world 

with rapidly decreasing cutoff rigidity values should observe an increase in galactic 

cosmic radiation such as was observed at Huancayo, Peru. Examples of the change in 

vertical cutoff rigidity values for specific locations including cosmic ray stations are 

illustrated.  
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1. Introduction 

 In geological terms there is a decrease in the main dipole magnetic field by about 

5% per century and there is a westward drift of the non-dipole magnetic field [1]. As the 

varying regions of total magnetic intensity move, there are changes in the geomagnetic 

field that modify the cosmic ray access to any specific location on Earth.  

 We have derived an updated world grid of vertical geomagnetic cosmic ray cutoff 

rigidities employing the 12th Generation International Geomagnetic Reference Field [2] 

for Epoch 2015. Vertical geomagnetic cutoff rigidities were calculated each 5° in latitude 

and longitude.  

2. Method 

 Details of the cosmic ray trajectory calculation procedure have been previously 

published [3, 4] and need not be inclded in this manuscript. In summary, the trajectories 

of cosmic rays were initiated in the "vertical" direction at an altitude of 20 km above the 

surface of the international reference ellipsoid. (The "sensible" atmosphere of the earth 

was considered to be 20 km.) The cosmic ray orbits were traced (employing a step size 

that was one percent of a gyro radii distance) until the particle exceeded a radial distance 

of 25 earth radii, an allowed trajectory, or re-entered the earth, a forbidden trajectory. In 

the few cases when a trajectory had not reach a solution by 200,000 Runge Kutta steps, 

a failed trajectory, the particle was considered to be forbidden.  

 Cutoff rigidities are determined by calculating cosmic ray trajectories through a 

model of the Earth’s magnetic field at discrete rigidity intervals starting with a rigidity 

value high above the highest possible cutoff and decreasing the rigidity until the lowest 

allowed trajectory was found. As these calculations progress down through the rigidity 

spectrum, the results change from the easily allowed orbits to a complex structure of 

allowed, forbidden, and quasi-trapped orbits (the cosmic penumbra), and finally to a 

rigidity value below which all trajectories fail to escape the Earth’s magnetic field and 

intersect the solid earth. Rigidity intervals of 0.01 GV were used to provide a reasonable 

sample of the cosmic ray penumbra. An "effective cutoff rigidity" obtained by summing 

over the allowed orbits in the penumbra. See [5] for a detailed definition of cosmic ray 

cutoff rigidities and [6] for a definition of cosmic ray cutoffs.  

3. Results and Discussion 

 These calculated geomagnetic cutoff rigidity values are intended to be a 

reference for evaluating the changes in cutoff rigidity attributable to the evolution of the 

quiescent internal geomagnetic field. A world map showing the iso-rigidity contours of 

the effective vertical cutoff rigidities calculated utilizing the International Geomagnetic 

Reference Field model for Epoch 2015 [2] are presented in Fig. 1 and tabulated 5° in 

latitude by 15° in longitude in Table 1A and Table 1B.  

 The differences in magnitude of the change in vertical geomagnetic cutoff 

rigidities (in GV) between Epoch 2000 [7] and Epoch 2015 is shown in Fig. 2. Regions 

where the cutoff rigidities are increasing are indicated by the black contours; areas where 

the cutoff rigidities are decreasing are indicated by the red contours.  
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  Fig. 1. A world map of vertical cutoff rigidities for epoch 2015.  

 

 

Fig. 2. A map of the change in cutoff rigidities (in GV) between 2000 and 2015.  

 

 An examination of Fig. 2 shows that these changes are not uniform over the 

world, indicating that the non-dipole terms are important for an accurate determination of 

cutoff rigidities near the surface of the earth. The cutoff rigidities are increasing (indicated 
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by the black contours) in the North Atlantic Ocean area. This is the result of the westward 

movement of non-dipole magnetic field components. The largest increases over this 

fifteen-year interval are of the order of 0.4 GV. Note that there is also an area of increased 

cutoff rigidity in the Indian Ocean.  

 The vertical cutoff rigidities are decreasing (indicated by the red contours) in the 

South Atlantic Ocean area as well as locations in South and Central America extending 

into the Pacific Ocean. The largest decrease over this fifteen-year interval is of the order 

of 0.6 GV in Uruguay, South America. This is the combined result of the reduction of the 

main dipole component of the magnetic field as well as the additional displacement of 

the effective magnetic center from Earth’s geo-center. Researchers in South America [8] 

are studying the effects of these changes by establishing specific cosmic ray and 

geomagnetic observatories. Also note that there is a region of decreasing cutoff rigidity 

in central Asia with a “mirror” region of increases in the same longitude region in the 

Indian Ocean.  

 When the changes in cutoff rigidity are expressed in percent (see Fig. 3), we note 

the continuing changes in Mexico and South America. However, there are also 

interesting changes in the North Polar Region. Modelers have noted rapid changes (in 

geological terms) in the location of the magnetic north dip pole and dipole position. The 

magnetic field modelers have also noted sudden changes in the magnitude of some of 

the non-dipole components of the magnetic field and these are reported in the literature 

as geomagnetic jerks [9,10]. 

 

Fig. 3. A map of the change in cutoff rigidities (in percent) between 2000 and 2015.  
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 Fig. 4. Change in cutoff rigidity for selected North American Locations.  

 

 

 Table 1 A. 2015 World Grid of Geomagnetic Cutoff Righties. 

 
 

 

 

 

 



P
o
S
(
I
C
R
C
2
0
1
9
)
1
1
5
4

P
o
S
(
I
C
R
C
2
0
1
9
)
1
1
5
4

Geomagnetic Cutoffs for 2015 D. F. Smart & M. A. Shea 

6 

 Table 1 B. 2015 World Grid of Geomagnetic Cutoff Righties. 

 
 

 

 

Fig. 5. Change in cutoff rigidity for Mexico and selected South American Locations.  
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  Fig. 6. Change in cutoff rigidity for selected European Locations.  

 

 

 

  Fig. 7. Change in cutoff rigidity for selected high rigidity locatiions.  

 

4. Summary 

 The new world grid of vertical cutoff rigidities for Epoch 2015 shows significant 

and systematic changes from the previous epochs. A careful inspection of a world grid 

of vertical geomagnetic cutoff rigidities shows that the westward drift [1] of the non-dipole 

components of Earth’s magnetic field results in an increase in cutoff righties along the 

North American east coast region while there is a continuing decrease in the South 

American region.  The evolution of these non-dipole components can have a “local effect” 

on the cutoff rigidity of some cosmic ray stations.  
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