
  
Abstract—the composite topological superconductor has 

been assumed to be a spinless p-wave superconductor.  It is 
known that the Josephson period of a p-wave/s-wave Josephson 
junction is π.  However, we found that the Josephson period of a 
composite topological superconductor /s-wave Josephson junction 
is 2π. This suggested that there exists a suppressed s-wave in the 
composite topological superconductor.  
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I. MOTIVATION 
HE topological superconductor (TS) [1–2], a material 
supporting Majorana Fermions (MF), has recently attracted 

tremendous theoretical and experimental interests. Kitaev 
proposed that a spinless p-wave superconductor is TS. However 
the spinless p-wave superconductor is scare in nature, but an 
effective spinless p-wave superconductor can be achieved by 
using a semiconductor nanowire with the Rashba spin-orbit 
interaction, to which both a magnetic field and 
proximity-induced s-wave paring are added [3–4]. In this 
composite scheme, it is known that when the superconductor 
gap is much smaller than the applied field Δ ≪ h, the upper 
evanescent band can be automatically ignored so that the system 
can be mapped to an effective spinless p-wave superconductor 
[2]. Due to the topological origin of TS the Josephson current 
period in a TS/TS junction is 4π.  

II.  PROBLEM STATEMENT 
It is known that the Josephson current of an s-wave/p-wave 

superconductor junction is π period. Thus, it is necessary to 
investigate the period of the composite p-wave/s-wave 
superconductor junction, which can reveal the spin texture of 
the composite TS. 

III. APPROACH 
Based on a tight-binding model and the Keldysh Green’s 

function method, we numerically compute the Josephson 
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currents flowing in the system.   

IV. RESULTS 
We found that the period of the Josephson current in this 

composite TS/s-wave superconductor is 2π, rather than the π in 
a p-wave/s-wave junction. This unexpected period reveals that 
the composite TS are not purely spinless p-wave 
superconductor, but has suppressed s-wave component. 
Moreover, this s-wave component has no impact to the MF due 
to its topological origin.  

V.  CONCLUSIONS 
Although the s-wave component in TS is very small, but it 

still have a confluence to the spin texture of the composite TS. 
Moreover, it renders the Josephson current periods in a TS/TS 
junction and TS/s-wave superconductor 2π, rather than the 
expected 4π period and π period.  
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