
  
                  Title of PhD Project                 

Microscopic aspects of the acceleration of 
radio emitting electrons  by cosmic shocks

Supervision                                                      
The PhD project will be supervised by Dr. Franco Vazza (University of Bologna, University
of  Hamburg, Principal Investigator of the ERC-founded research group MAGCOW). 

Funding                                                           
This PhD project is funded by the European Research Council (ERC) Starting Grant 
no.714196 MAGCOW-The Magnetised Cosmic Web, active from 2017 to 2022. 
Through this project, the PhD student will get additional funding resources to attend 
international conferences,  training activities and to visit collaborators abroad. 

The Scientifc Case                                          
• The growth of cosmic structure is interlaced with the generation of shocks at all scales, either 

powered by accretion of smooth gas or by merger of denser substructures.  Such shocks are 
expected to be collisionless and collective plasma effects are a key ingredient here.  Electrons 
can get accelerated to relativistic energies  by these shocks and radiate radio waves  via 
synchrotron eimission. 

• While the diffuse radio emission from shocked electrons is routinely observed in galaxy 
clusters with ongoing merger (e.g. “radio relics”), the details of the acceleration process 
remain elusive. In particular, the topology of magnetic felds at shocks – which is key to rule 
the acceleration effciency of electrons and the properties of observed emission – is little 
known and diffcutl to simulate, due to a number of theoretical and numerical challenges.  

• Understanding how shocks can differently accelerate cosmic ray electrons as a function of 
plasma parameters and pre-existing magnetic felds will enable the interpretation of future 
high resolution observations from radio surveys 

Synopsis of the project                                    
• During this PhD project the  candidate will develop  a unique expertise in producing realistic 

simulations of interagalactic shocks, by combining state-of-the-art simulations focusing on a 
wide range of different spatial scales, trying for the frst time to bridge the very different 
scales involved in the acceleration process of radio emitting electrons (from parsecs to 
Megaparsecs). 

• The PhD candidate will produce numerical simulations with the particle-in-cell code 
Tristan-MP and the Eulerian magneto-hydrodynamical codes FLASH and ENZO, in order 
to compute the acceleration effciency of electrons as a function of the shock and plasma 
parameters. 

• Among its main goals this project will derive a) the typical  obliquity of accretion shocks as a 
function of environment, b) the acceleration effciency of relativistic electrons in the cosmic 
web, c) a new subgrid model for the acceleration of electrons.  

• The results of this project will represent a  major step forward in  the theoretical  
understanding of radio emission from the cosmic web, as well as in the interpretation of  
future radio data from new radio telescopes (ASKAP, MeerKat, LOFAR, MWA and SKA).

International Context                                   
• The PhD candidate will have the opportunity of conducting this research in a forid research 

environment, closely connected with the most important international multi-band surveys  of 



the next decade  (with the Square Kilometer Array, Euclid, Athena, etc). 
• The ERC group MAGCOW is also closely connected with the University of Hamburg 

(Germany), which is the second benefciary of the grant, and this will allow the PhD 
candidate to work in close contact with international colleagues since the start of the project.

• Through the collaborators of MAGCOW, the PhD candidate will also have access 
computing time to some of the largest Supercomputing Centre in Europe. 

Contacts:                                                        
 email:           franco.vazza2@unibo.ti

homepage:   http://cosmosimfrazza.myfreesites.net
                      http://cosmosimfrazza.myfreesites.net/magcow
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