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Trapped Particles & Trajectories
Ions from A. Oliva

Backtracing and analysis performed by D. Grandi and D. Rozza

Tailored code for trapped particles:

• High precision (10-4 rad angle between 2 consecutive velocities)
• Inner boundary decreased to 20 km (typical altitude of CR air showers starting point)
• Increase time limit (up to 10 min of “real” trajectory time)
• Particles main request to be considered as trapped: a WHOLE drift shell (> 360° in 

longitude)
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Preliminary results

Trapped Ions
• From both Inner and Outer radiation belt?
• Different detection positions 
• Different lifetime and trajectories
• From both samples (upgoing and downgoing particles)
• Needed: Equatorial Pitch Angle and L-Shell analysis



Trapped Particles & Pitch Angle

Pitch Angle calculation from Dipole Approximation (IGRF)

For this calculation we need
• The Local Pitch Angle

• the angle between the particle direction and the Magnetic field
• This can be obtained by particle rigidity, charge and mass (to obtain velocity value) and 

particle arrival direction
• The unix time of the detection (to evaluate the magnetic field)
• After we can evaluate the correspondent equatorial pitch angle (and this can be done 

for all particles but it “makes sense” only for trapped once that can be considered to 
have three adiabatic invariants) 



Pitch Angle – Adiabatic Invariant
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𝒔𝒊𝒏𝟐(θ)/𝑩 = 𝒔𝒊𝒏𝟐(θ𝟎)/𝑩𝒆𝒒 =

𝒔𝒊𝒏𝟐(θ𝑴)/𝑩𝑴 = 𝒔𝒊𝒏𝟐(θ𝒆𝒒)/𝑩𝒆𝒒 = 1/𝑩𝑴

𝑩𝒆𝒒 = equatorial Magnetic Field

𝑩𝑴 = Mirror Point Magnetic Field



Pitch Angle – Adiabatic Invariant
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𝑩 = 𝑩𝟎 (Re/r)𝟑 𝟏 + 𝟑 𝒔𝒊𝒏𝟐 λ𝒎

𝑩/𝑩𝟎 = (Re/r)𝟑 𝟏 + 𝟑 𝒔𝒊𝒏𝟐 λ𝒎

𝑩𝟎 = 𝟎. 𝟑 𝑮𝒂𝒖𝒔𝒔 (𝑬𝒂𝒓𝒕𝒉 𝑺𝒖𝒓𝒇𝒂𝒄𝒆)



Pitch Angle – Adiabatic Invariant
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𝑩𝒍𝒐𝒄 = 𝑩𝟎 (Re/rloc)
𝟑 𝟏 + 𝟑 𝒔𝒊𝒏𝟐 λ𝒎𝒍𝒐𝒄

𝑩𝒆𝒒 = 𝑩𝟎 (Re/req)𝟑 𝟏 + 𝟑 𝒔𝒊𝒏𝟐 λ𝒎𝒆𝒒

𝒓𝒍𝒐𝒄 = 𝒓𝒆𝒒 𝒄𝒐𝒔
𝟐(λ𝒎)

In the same Field Line



Pitch Angle – Adiabatic Invariant
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𝑩𝒆𝒒/𝑩𝒍𝒐𝒄 =
(Re/req)𝟑 𝟏 + 𝟑 𝒔𝒊𝒏𝟐 λ𝒎𝒆𝒒

(Re/rloc)
𝟑 𝟏 + 𝟑 𝒔𝒊𝒏𝟐 λ𝒎𝒍𝒐𝒄

𝒔𝒊𝒏𝟐 θ𝒍𝒐𝒄 𝑩𝒆𝒒/𝑩𝒍𝒐𝒄 = 𝒔𝒊𝒏𝟐(θ𝒆𝒒)



Pitch Angle – Adiabatic Invariant
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𝑩𝒆𝒒/𝑩𝒍𝒐𝒄 =
(𝑹𝒆/𝒓𝒆𝒒)𝟑

(𝑹𝒆/𝒓𝒍𝒐𝒄)𝟑 𝟏 + 𝟑 𝒔𝒊𝒏𝟐 λ𝒎𝒍𝒐𝒄

𝒔𝒊𝒏 λ𝒆𝒒 = 𝟎



Pitch Angle – Adiabatic Invariant
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𝑩𝒆𝒒/𝑩𝒍𝒐𝒄 =
(𝒓𝒍𝒐𝒄)𝟑

(𝒓𝒆𝒒)𝟑 𝟏 + 𝟑 𝒔𝒊𝒏𝟐 λ𝒎𝒍𝒐𝒄

𝒄𝒐𝒔𝟐(λ𝒎𝒍𝒐𝒄) =
rloc

req

𝒔𝒊𝒏 λ𝒆𝒒 = 𝟎



Pitch Angle – Adiabatic Invariant

18

(𝒄𝒐𝒔𝟐 λ
𝒎𝒍𝒐𝒄

)𝟑∗𝒔𝒊𝒏𝟐 θ
𝒍𝒐𝒄

𝟏+𝟑 𝒔𝒊𝒏𝟐 λ
𝒎𝒍𝒐𝒄

= 𝒔𝒊𝒏𝟐(θ𝒆𝒒)

𝒔𝒊𝒏𝟐 θ
𝒍𝒐𝒄

𝑩
𝒆𝒒

𝑩
𝒍𝒐𝒄

= 𝒔𝒊𝒏𝟐 θ𝒆𝒒 =



Trapped Particles & L-Shell Calculation

L-Shell calculation from Dipole Approximation (IGRF)

Calculation:
• Using IGRF we can evaluate 

• The  geomagnetic latitude
• Distance from the dipole center

• These parameters can be used to evaluate the Mc-Ilwain parameter (L-Shell)
• Following slides with formulas we have used 



Magnetic Field Line – L Shell
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Field Line → 𝒓 = 𝒓𝟎 𝒄𝒐𝒔
𝟐(λ𝒎)

L - shell → 𝒓 = 𝑳 𝒄𝒐𝒔𝟐(λ𝒎)

𝒓𝟎 = 𝒓𝒆𝒒

𝒓 is the position with respect to the geomagnetic
frame (shifted and tilted as from IGRF 13 

parameters) 



L - shell → 𝒓 = 𝑳 𝒄𝒐𝒔𝟐(λ𝒎)
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Trapped Protons
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Trapped CR: Final position after 10 seconds of backtracing

OUTSIDE SAA
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Trapped CR: Final position after 10 seconds of backtracing

INSIDE SAA





Trapped Ions?
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Upgoing ions from GeoMagSphere BkT
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Upgoing ions from GeoMagSphere BkT requiring 8/10 particles generated are trapped



29

Downgoing ions from GeoMagSphere BkT
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Downgoing ions from GeoMagSphere BkT requiring 8/10 particles generated are trapped
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Upgoing ions Pitch angle vs Lshell
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Upgoing ions Pitch angle vs Lshell requiring 8/10 particles generated are trapped
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Downgoing ions Pitch angle vs Lshell
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Downgoing ions Pitch angle vs Lshell requiring 8/10 particles generated are trapped
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Upgoing ions Final position after Backtracing requiring 8/10 particles generated are trapped
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Downgoing ions Final position after Backtracing requiring 8/10 particles generated are trapped
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Boron (5.65 GV)      Carbon (3.02 GV)
Upgoing ions
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Secondary?      Primary?

Downgoing Particles
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Trapped Lithium (0.16 GV)
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Trapped Lithium



Website implementation

• New analysis parameters has been added as a online calculator to our 
main website www.geomagsphere.org

• Through some dedicated webpages the user can obtain the
• The L-Shell can be evaluated for all kind of particles
• Equatorial Pitch Angle as for now can be calculated for positive 

particles (protons and ions) 
• N.B. The needed parameters are specified in each calculation webpage
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http://www.geomagsphere.org/


Website L-Shell Calculation
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Website Equatorial Pitch Angle Calculation
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Website Equatorial Pitch Angle Calculation
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Website Equatorial Pitch Angle Calculation
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Future plans

• Trapped Protons & Helium
• Sample inside the SAA & outside the SAA (polar) 
• to be used as a “comparison”

• Trapped Ions
• Reduce the request of sigma in “generated” particle (for 8/10)
• Extend in time the Ions to be backtraced
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