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Solitons 
Solitons are solutions of nonlinear partial differential 
equation which represent a solitary travelling wave, which:  

Doesn’t obey the superposition principle 

Possessed finite stable shape in space  

Nondispersive 

Q-balls – non-topological solitons with time dependent field, carrying conserving Noether charge associated 
with symmetry 
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Potential 

4 



Field equation 
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Solutions 
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Energy and charge 
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Energy and charge values 
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Stability analysis 
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Massless limit 
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A. Levin, V. Rubakov arXiv:1010.0030v1 (2010)  
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Massless limit 

λ 
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Spinning FLS Q-ball 
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Spinning FLS Q-ball 
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Energy and charge 
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Energy and charge values 
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Conclusions 
Solitons of Q-ball type appear in model with conserving charge and corresponding symmetry 
doesn’t break spontaneously 

Existence and stability of soliton configuration connected with minimum energy state across all 
configurations with fixed charge value. 

Energy vs charge dependency has two branches in dependence on parameter and one of them 
stable and another is unstable 

In massless limit Q-balls stabilized by the gradient energy of real field rather than potential 
energy 

Massless limit needs further investigation to verify does compacton has a place. 
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Thanks for your 
attention! 


