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Majorana bound states in nanowires 
Ingredients : 

 Semiconductor with strong Rashba SOI (e.g. InAs) 

 Zeeman field perpendicular to SOI 

 Proximity induced superconductivity 
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222 B1D topological superconductor for 

Majorana bound states at the interfaces 

Helical conductor 



Engineering an effective Rashba SOI 
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Inhomogeneous field 

Rotate locally the spin basis 
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Renormalizes  Effective Zeeman field 

Rashba SOI! 



Braunecker, Japaridze, Klinovaja, Loss, PRB 82, 045127  (2010) 

Rashba SOI == helical magnetic field 



Side effect : effective Zeeman field is tilted toward SOI field 

Optimal case 

For low mass material m = 0.014 me (InSb) and R = 100 nm, strength of SOI is 

(similar to InAs) 

Topological phase for 



Anti-parallel permanent micro magnets 
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Realization :  magnets with different hysteresis loops 



Parallel configuration 

SOI and Zeeman go through zero; 

Does the topological phase survive ? 



Phase diagram 
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Structure of the Majorana bound states 



Braunecker, Simon, Loss, PRB 80, 165119 (2009) 

Gangadharaiah,  Braunecker,  Simon,  Loss, PRL 107, 036801 (2011) 

Helical Overhauser field 

Already suggested as a candidate for Majorana fermions : 



Conclusion 

 Helical magnetic field can replace SOI  

 Focus on materials optimizing other properties (e.g. g-factor) 

 


