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We clarify vortex bound state in superfluid 3He B-phase  
by numerical calculation and topological argument.	 

 Is there Majorana zero energy mode? 
 Can we distinguish vortices by vortex bound state experimentally?

 o vortex

 Vortex phase diagram

 v vortex

 There are Majorana zero energy modes in o vortex and w vortex bound states. 
 There is zero energy state in v vortex bound state but not in double-core vortex bound state owing to hybridization of angular momentum.  

      The zero energy state may be utilized to distinguish between v vortex and double-core vortex.

 Non-axisymmetric v vortex  
      (double-core vortex)

 w vortex
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 Axisymmetric vortex 
spin-triplet p-wave state

bulk B-phase :

winding +1

P1: inversion, P2: mirror+time-reversal, P3: π-rotation+time-reversal

(A-phase-core vortex)

 Topological classification 
B-phase: particle-hole symmetry + time-reversal symmetry

vortex

class D + additional symmetry

Majorana zero energy mode
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Spin degenerate  
Majorana zero energy modes

Degenerate  
Majorana zero energy modes

π-rotation 
+ Time-reversal symmetry
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twofold rotational symmetry 
⇒hybridization of l and l+2n spectra 
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 second Chern number

Berry curvature

Berry connection

: Eigenstates with negative energies

: odd function for kz

mirror reflection symmetry

 chiral index


