Fractional Charge

(Usual) Dirac equation: solutions £ > 0
solutions E < 0

vacuum: E < 0 states filled
E > 0 states empty
charge =0

Dirac equation in the presence of a defect (soliton)
(1-d kink, 2-d vortex, 3-d magnetic monopole, etc.)
isolated, normalizable E = 0 solution
“mid-gap” state is found by explicit calculation

is guaranteed by index thecorems

Question: for vacuum is mid gap state filled
or empty; what is charge?

Answer: double degeneracy of vacuum
state empty, charge —1/2
state filled, charge +1/2

observed experimentally in 1-d (polyacetylene)
proposed phenomenon in 2-d (graphene)



Fractional Charge
(Calculation)

Dirac Hamiltonian H(yp)
= Dirac equation for fermion dynamics,
depending on background field ¢.
vacuum sector: H(po)vh = Evf
soliton sector: H(ws)¢E = Evg
also normalized zero mode: H{yps)yg =10
negative and positive £ solutions:
negative solutions < valence band
positive solutions < conduction band
zero mode =7

vacuum charge density:
(negative E, continuum modes filled)

4]
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renormalized soliton charge:

g
Q= [dr [ aB(ppx) - o5())
-0
conjugation symmetry:
HM+ MH=0

Myp=v_g= pgp=p-E
Mg = £



Fractional Charge

(Calculation)

completeness: :j’e dE w_y(r)r,bL.(r‘) =d(r —1')

= [ dBlopE) - pp () =0

Conjugation (pg = p_g) and zero mode =

0
[ 4B (203:(x) — 265 () + v (o) = 0
- 1
[ 4B (pk() = o) = 5 vh o)

integrate over space: @@= —%

1-d (polyacetylene) Rebbi & RJ, PRD 13, 3398 (76)
2-d (graphene) Hou,Chamon,Mudry, PRL 98,186809(07)
Pi & RJ, PRL 98, 266402 (07)






