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C o s m i c  r a y s  ( C R s )  a r e  h i g h - e n e r g y  c h a r g e d  p a r t i c l e s  t h a t
t r a v e l  t h r o u g h  s p a c e  a t  n e a r l y  t h e  s p e e d  o f  l i g h t .  I d e n t i f y i n g
t h e i r  a s t r o p h y s i c a l  s o u r c e s  r e m a i n s  a n  o p e n  p r o b l e m .

S i n c e  C R s  a r e  e l e c t r i c a l l y  c h a r g e d ,  t h e i r  t r a j e c t o r i e s  a r e
d e f l e c t e d  b y  t h e  m a g n e t i c  f i e l d s  t h e y  e n c o u n t e r ,  b o t h  i n s i d e
a n d  o u t s i d e  o u r  G a l a x y .  T h e s e  d e f l e c t i o n s  m a k e  i t  d i f f i c u l t  t o
r e c o n s t r u c t  t h e i r  o r i g i n a l  a r r i v a l  d i r e c t i o n s  a n d  c a n  p r o d u c e
m a g n e t i c - l e n s i n g  e f f e c t s .  

S t u d y i n g  G a l a c t i c  m a g n e t i c - f i e l d  m o d e l s  i s  e s s e n t i a l  f o r
e s t i m a t i n g  c o s m i c - r a y  d e f l e c t i o n s ,  r e c o n s t r u c t i n g  t h e i r
t r a j e c t o r i e s ,  a n d  c o n s t r a i n i n g  t h e i r  p o s s i b l e  a s t r o p h y s i c a l
s o u r c e s .  

I N T RODUCT ION
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U s i n g  L o r e n t z  f o r c e  a n d  N e w t o n ’ s  s e c o n d  l a w  a p p l i e d  t o  t h e
r e l a t i v i s t i c  c a s e ,  w e  o b t a i n :

    f r o m  w h i c h  w e  c a n  d e r i v e  t h e  p a r t i c l e ’ s  e q u a t i o n s  o f  m o t i o n .

T h e s e  e q u a t i o n s  a r e  i n v a r i a n t  u n d e r  t h e  s i m u l t a n e o u s  r e v e r s a l  o f
t i m e  a n d  e l e c t r i c  c h a r g e .  T h e r e f o r e ,  t h e  s p a t i a l  t r a j e c t o r y  o f  a
p a r t i c l e  a r r i v i n g  a t  E a r t h  c a n  b e  r e c o n s t r u c t e d  b y  p r o p a g a t i n g  a n
a n t i p a r t i c l e  f r o m  E a r t h  w i t h  t h e  s a m e  e n e r g y  a n d  t h e  o p p o s i t e
i n i t i a l  v e l o c i t y .

I  a p p l i e d  t h i s  b a c k t r a c k i n g  m e t h o d  t o  t h e  a x i s y m m e t r i c  s p i r a l  ( A S S )
a n d  b i s y m m e t r i c  s p i r a l  ( B S S )  m o d e l s  o f  t h e  G a l a c t i c  m a g n e t i c  f i e l d ,
b o t h  o f  w h i c h  a r e  w i d e l y  d i s c u s s e d  i n  t h e  l i t e r a t u r e .

METHODS

3



R
E

S
U

L
T

S

I  d e v e l o p e d  a  P y t h o n - b a s e d  c o m p u t a t i o n a l  s i m u l a t i o n  t h a t
n u m e r i c a l l y  i n t e g r a t e s  t h e  e q u a t i o n s  o f  m o t i o n  a n d  c a l c u l a t e s  t h e
p a r t i c l e  t r a j e c t o r y ,  t h e  e s c a p e  t i m e  f r o m  t h e  G a l a x y ,  a n d  t h e
d e f l e c t i o n  a n g l e .  

R E S U L T S  
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F o r  p a r t i c l e s  w i t h  t h e  s a m e  m a s s ,  t h e  l o w e r  e n e r g y  i s  r e l a t e d  t o  a
g r e a t e r  d e f l e c t i o n .  

 
T h i s  r e s u l t  i s  c o n s i s t e n t  w i t h  t h e o r e t i c a l  p r e d i c t i o n s ,  a n d
o b t a i n i n g  i t  h e l p s  v a l i d a t i n g  t h e  s i m u l a t i o n .  

A s  t h e  n e x t  s t e p ,  I ’ l l  r u n  t h e  s i m u l a t i o n s  f o r  d i f f e r e n t  C R  n u c l e i   
( H e ,  C  a n d  F e )  a n d  i n v e s t i g a t e  t h e  B S S  m o d e l  a s  w e l l .  F i n a l l y ,  I
w i l l  c o m p a r e  t h e  m e a n  d e f l e c t i o n  a n g l e  f o r  e a c h  p a r t i c l e  a n d
e n e r g y  w i t h  o b s e r v a t i o n a l  r e s u l t s  f r o m  t h e  P i e r r e  A u g e r
o b s e r v a t o r y .

T h i s  p r o j e c t  a l l o w e d  m e  t o  d e v e l o p  i m p o r t a n t  c o m p u t a t i o n a l -
s i m u l a t i o n  s k i l l s  a n d  g a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  c o s m i c - r a y
p r o p a g a t i o n  i n  G a l a c t i c  m a g n e t i c  f i e l d s .  

CONCLUS ION
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	INTRODUCTION
	Cosmic rays (CRs) are high-energy charged particles that travel through space at nearly the speed of light. Identifying their astrophysical sources remains an open problem.
	Since CRs are electrically charged, their trajectories are deflected by the magnetic fields they encounter, both inside and outside our Galaxy. These deflections make it difficult to reconstruct their original arrival directions and can produce magnetic-lensing effects.
	Studying Galactic magnetic-field models is essential for estimating cosmic-ray deflections, reconstructing their trajectories, and constraining their possible astrophysical sources.
	INTRODUCTION


	METHODS
	Using Lorentz force and Newton’s second law applied to the relativistic case, we obtain:
	from which we can derive the particle’s equations of motion.
	These equations are invariant under the simultaneous reversal of time and electric charge. Therefore, the spatial trajectory of a particle arriving at Earth can be reconstructed by propagating an antiparticle from Earth with the same energy and the opposite initial velocity.
	I applied this backtracking method to the axisymmetric spiral (ASS) and bisymmetric spiral (BSS) models of the Galactic magnetic field, both of which are widely discussed in the literature.
	METHODS


	RESULTS
	I developed a Python-based computational simulation that numerically integrates the equations of motion and calculates the particle trajectory, the escape time from the Galaxy, and the deflection angle.
	RESULTS


	CONCLUSION
	For particles with the same mass, the lower energy is related to a greater deflection.
	This result is consistent with theoretical predictions, and obtaining it helps validating the simulation.
	As the next step, I’ll run the simulations for different CR nuclei  (He, C and Fe) and investigate the BSS model as well. Finally, I will compare the mean deflection angle for each particle and energy with observational results from the Pierre Auger observatory.
	This project allowed me to develop important computational-simulation skills and gain a better understanding of cosmic-ray propagation in Galactic magnetic fields.
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