
 
 

Internship in experimental nuclear physics 

Space-Charge Effects On the Transmission of Bunched Ion Beams  
 
The Matter’s Origin from RadioActivity (MORA [1, 2]) experiment searches for signatures of 
CP violation in the nuclear beta decay that could help explain the matter-antimatter asymmetry 
observed in the Universe. The most sensitive and complementary isotopes for this search for 
physics beyond the Standard Model are 23Mg and 39Ca.  
 
MORA is currently taking data at the University of Jyväskylä, where both isotopes are produced 
with beam intensities of approximately 105 particles per second (pps). At GANIL, where the 
experiment is expected to reach its highest sensitivity, beam intensities exceeding 107 pps are 
anticipated. 
 
To effectively transport and inject these radioactive ions into the MORA setup, the beams are 
converted from a continuous ion stream into temporally narrow, dense ion bursts, also known 
as bunches, by using a device called a Radiofrequency Quadrupole Cooler Buncher (RFQ-
CB). At the University of Jyväskylä, MORA uses the so-called “minibuncher” [3] to perform 
such a conversion. However, it was observed that the transmission efficiency of the bunches 
decreases as a function of the number of ions in the bunch, for numbers as low as a few 105. 
One hypothesis for the source of these losses is that the Coulomb repulsion drives the ions 
apart, losing some of them inside the beamline.   
 
The objective of this M2 project is to study and report these transmission losses by simulating 
the transport of ion bunches in SIMION, utilizing its in-built Poisson equation solver to account 
for space-charge effects. This work will be conducted within the MORA project at GANIL.  
 
For more information, see https://mora.ganil-spiral2.eu/.  
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Expected skills 
The M2 student is expected to be interested in experimental physics, to have a firm grip on 
the basics of electromagnetism, and to have prior experience in programming, for example, 
in python, lua, C++, or in other comparable language. 
 
This work does not lead to a PhD-thesis. 

 
Contact: Ville Virtanen and Pierre Delahaye 

emails: ville.virtanen@ganil.fr and pierre.delahaye@ganil.fr  
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