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PROJECT DESCRIPTION   

 

Project goals 

 To understand propagation of galactic cosmic rays (CRs) from the perspective of 

dynamically evolving interstellar medium (ISM). 

 To construct numerical models of production and propagation of primary and 

secondary CRs coupled to magnetohydynamical (MHD) models of galactic ISM. 

 To perform global galactic disk simulations with primary and secondary CRs. 

 To investigate CR propagation properties via confrontation of numerical models 

against observational data of galactic CRs. 

Outline  

Cosmic radiation  is an important part of galactic interstellar medium. Recent investigations 
clearly indicate their dynamical impact on galactic evolution through generation of galactic 
magnetic field and galactic winds (Hanasz et al., 2009, 2013; Girichidis et al., 2016, 2018). 
Their detailed impact on evolution of galaxies is difficult to estimate, however, because 
propagation properties of CRs are not fully understood. A standard approach to propagation 
of CRs in galactic magnetic field (see e.g. Strong et al 2007) assumes static magnetic field 
structure, while numerical MHD simulations demonstrate that interstellar medium is highly 
unsteady. Determination of galactic CR propagation properties in the framework of the static 
ISM model may be therefore highly inaccurate. 

The aim of the project is to construct a self-consistent MHD model combining CR-driven 
dynamics (Hanasz et al., 2009) of the ISM with the elaborated GALPROP model (Strong et al., 
2007) of CR production and propagation in the Milky Way. The main part of the research 
plan is to incorporate production and propagation of secondary CR components (Li, Be, B) 
into the MHD model of the Milky Way in order to estimate CR propagation parameters in a 
novel selfconsistent way. The research plan includes development of numerical algorithms 
and numerical simulations with the aid PIERNIK MHD code and confrontation of simulation 
results against measurements of Galactic CRs.  



The project will be implemented in international collaboration. 

Work plan 

1. Mastering usage of PIERNIK MHD code. 

2. Mastering magnetohydrodynamical simulations of galactic ISM. 

3. Implementing production of secondary CRs in PIERNIK MHD code. 

4. Numerical simulations of the dynamics of galactic interstellar medium with primary and 

secondary CRs. 

5. Analysis of simulation results and tuning CR propagation parameters to match 

observational properties of Galactic CRs. 
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Required initial knowledge and skills of the PhD candidate 

 Analytical thinking 

 Eager to learn 

 Eager to work hard 

 Basic knowledge about high energy astrophysics, fluid dynamics, numerical methods 

for fluid dynamics. 

 Theoretical inclinations 

 Some experience in numerical simulations 

 Programming skills 
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