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Main points of the talk:

! States of localized quasielectrons can be created by 

inserting a quasi-local operator in CFT correlators.

! The statistics of quasiparticles is encoded both in the 

algebraic properties of the operators - the monodromies 

- and the properties of the electronic states - the Berry 

phases.

! There are explicit candidate wave functions for quasi-

electron states in the Moore-Read pfaffian state.
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Multiple insertions of            gives multi-quasihole wave functionsVh(η)
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No, but almost!

Is this operator local? 

Two Questions:

Is there an operator           that creates a quasielectron 

localized at the point    ?!R
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The quasielectron operator
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 Let one hole encircles the other: η1

η2

AB-phase

geometrical

Statistical phase

topological

Arovas et.al. derived
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• Simple expressions as a CFT conformal block. 

• Charge and statistics coded in the algebraic properties of 
the electron and hole operators.

• By plasma analogy, no Berry phases so exchange statistics 
can be read directly from the monodromies!
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operator
New scalar field;

does not see elect.

Vh(η) = e
i√
3
(η) → Ṽh(η) = e

i√
3
ϕ(η)+i

√
2
3 ϕ̃(η)

The new operator            gives analytic wave functions, and the 

fractional statistics is moved from the monodromy to the Berry 

phase!

Ṽh(η)

We have no general way to determine 

whether or not the Berry phase vanish!
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BUT, the freedom to choose the statistics of the 
quasiparticle operators is important for, 

! The hierarcy states (S. Viefers talk)

! Non-Abelian quasielectron states
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2 ϕ2

Generalized normal 
ordering

〈P+(η1)P+(η2)P−(η3)P−(η4)V (z1) . . . V (zN )〉 = Ψ(η1,η2)(η3,η4)(z1 . . . zN )
〈P+(η1)P−(η2)P+(η3)P−(η4)V (z1) . . . V (zN )〉 = Ψ(η1,η3)(η2,η4)(z1 . . . zN )

Different ordering, gives different wave functions:

Which (unfortunately) comes out like:
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Quasielectrons in the Moore-Read state

P(η̄) =
∫

d2w e
1

2m η̄w
(
H̃−1(z) ∂̄wJp(w)

)"

V (z) = ψ(z)ei
√

2ϕ(z)

H−1(z) = σ(z)e−
i

2
√

2
ϕ(z)

Ising representation

H±(η) = e±iφ(η)/2e
i

2
√

2
ϕ(z)

V (z) = cos(φ(z))ei
√

2ϕ(z)

Bosonic representation

Does not (directly) give holomorphic wf:s... H(b)
± (η) = e

i√
8
ϕe±

i
2 φei

√
3
8 φ1± i

2 ϕ2

Generalized normal 
ordering

〈P+(η1)P+(η2)P−(η3)P−(η4)V (z1) . . . V (zN )〉 = Ψ(η1,η2)(η3,η4)(z1 . . . zN )
〈P+(η1)P−(η2)P+(η3)P−(η4)V (z1) . . . V (zN )〉 = Ψ(η1,η3)(η2,η4)(z1 . . . zN )

Different ordering, gives different wave functions:

We expect these functions to span the expected  2-dim Hilbert space corresponding

 to 4 non-Abelian quasielectrons. The NA statistical matrix is however coded in the 

Berry matrix rather than in the monodromies.
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Two Moore-Read quasielectrons
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excess charge, N=16, 2 quasielectons

Clear indication of 

charge e/4 particles!

Related work by Bernevig and Haldane,

arXiv:08102366
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Hierarchical NA-states?

A trivial way to generate non-Abelian hierarchy states is simply to 

multiply a non-Abelian state, say the Moore-Read Pfaffian, with a 

symmetric Abelian hierarchy state. This amounts to condensing 

abelian quasiparticles.
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Hierarchical NA-states?

A trivial way to generate non-Abelian hierarchy states is simply to 

multiply a non-Abelian state, say the Moore-Read Pfaffian, with a 

symmetric Abelian hierarchy state. This amounts to condensing 

abelian quasiparticles.

Using the above methods, we can do something that is potentially 

more interesting - we can construct condensate of non-Abelian, 

charge 1/4 quasi electrons, by considering the correlators:

where ! is a string of equally many + and - ,  multiply with an 

appropriate pseudo wave function and integrate over "i to get 

holomorphic hierarchy states.

Ψξ = 〈Pξ(1)(η1)Pξ(2)(η2) . . .Pξ(n)(ηn)
N∏

i=1

V (zj)〉
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Hierarchical NA-states?

A trivial way to generate non-Abelian hierarchy states is simply to 

multiply a non-Abelian state, say the Moore-Read Pfaffian, with a 

symmetric Abelian hierarchy state. This amounts to condensing 

abelian quasiparticles.

Will this yield new interesting non-Abelian states?

Using the above methods, we can do something that is potentially 

more interesting - we can construct condensate of non-Abelian, 

charge 1/4 quasi electrons, by considering the correlators:

where ! is a string of equally many + and - ,  multiply with an 

appropriate pseudo wave function and integrate over "i to get 

holomorphic hierarchy states.

Ψξ = 〈Pξ(1)(η1)Pξ(2)(η2) . . .Pξ(n)(ηn)
N∏

i=1

V (zj)〉
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More details in these references:

Conformal Field Theory of Composite Fermions 

T.H. Hansson, C.-C. Chang, J.K. Jain and S. Viefers. 

Phys. Rev. Lett. 98, 076801 (2007); arXiv:cond-mat/0603125.

Composite-fermion wave functions as correlators in conformal field theory 

T. H. Hansson, C.-C. Chang, J. K. Jain, and S. Viefers

Phys. Rev. B 76, 075347 (2007); arXiv:0704.0570. 

Microscopic theory of the quantum Hall hierarchy 

E.J. Bergholtz, T. H. Hansson, M. Hermanns and A. Karlhede

Phys. Rev. Lett. 99, 256803 (2007); arXiv:cond-mat/0702516. 

Quantum Hall wave functions on the torus 

M. Hermanns, J. Suorsa, E.J. Bergholtz, T.H. Hansson and A. Karlhede

Phys. Rev. B 77, 125321 (2008); arXiv:0711.4684. 

Hierarchy wave functions–from conformal correlators to Tao-Thouless states 

E.J. Bergholtz, T. H. Hansson, M. Hermanns, A. Karlhede, and S. Viefers

Phys. Rev. B 77, 165325 (2008); arXiv:0712.3848.

Conformal Field Theory approach to Abelian and non-Abelian Quantum Hall 

quasielectrons

T. H. Hansson, M. Hermanns and S. Viefers

arXiv:0810.0636


