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Main points of the talk:

Y 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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From Susanne Viefers’ talk:

Electron operator: V1 (z) = etVme(z) , m=2p+1

\IJL(Zl, Cee ZN) = H(Zz — Zj)me_% Z’L 21 — <H Ve(zz’)Oback>

i<j i
Hole operator: Vi(n) = e 7 (1) . m=2p+1
R Il | (EE] | (EEE R
i i<j
— <Vh(77) H Ve(zi)Oback>

Multiple insertions of V},(n) gives multi-quasihole wave functions
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Two Questions:

Is there an operator P(R) that creates a quasielectron
localized at the pointR ?

Yes!

Is this operator local?

No, but almost!
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The QH quasielectron

O
<
electron 1
O 2
X .Zz'
Cn—z;1?
€ 402
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The quasielectron operator
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The quasielectron operator

WW(Riz...2n) = (P(R)Velz1) ... Ve (2n))
P(R) = e #nP() 5 n=X+iY
. /dzw e2m "M (fl_l(z) 5wJp(w))
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The quasielectron operator

WW(Riz...2n) = (P(R)Velz1) ... V.(2n))
P(R) = e WnP@m) : m=X+iY

Localizes around R I
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The quasielectron operator
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- n|? . positions z;
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The quasielectron operator
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> Im|2 , positions z;
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The quasielectron operator

\P%) (E y 21 ZN) — <P(E)VG(21) """ Ve (ZN)> Support only
at the electron
— n|? ' A i
P(R) _ 6—%7)(77) ; n = X —+ ZY positions z

Normal
ordering

Localizes around R I :
I“Bosonlzed” hole I
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The quasielectron operator

\Ijgzle) (E y 21 ZN) — <P(é)%(21) """ VG(ZN» Support only
at the electron
_ o2 _ positions z;
P(R) = e—ﬁp(ﬁ) : 77 =X +aY

Normal
ordering

I Localizes around R I

“Bosonlzed” hole I

@ P(7) is quasi-local on the magnetic length scale

@ P(7) has same charge and same conformal dim. as 7! (2)

@ Multiple insertions of P(7) gives multi-quasielectron states
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Fractional statistics: Two Laughlin holes

U2 (s 21 ... 2N) = H(Z’L —m)(zi —m2)¥r(z1...2N)

(
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Fractional statistics: Two Laughlin holes

U2 (s 21 ... 2N) = 1_[(,2Z —m)(zi —m2)¥r(z1...2N)

(

[et one hole encircles the other: 77@

Arovas et.al. derived d )T
the Berry phase: YB =
YP b0 3
AB-phase Statistical phase
geometrical topological
.« e . L 1 top . (s . '
Statistical angle: 6 = 5B =3 i.e.anyons!
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Fractional statistics without pain:

‘I’%qh(mﬂh; 21---28) = (H(m)H(n2) HV(Z%;»
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Fractional statistics without pain:

N

Ui (1, mos 21 - 2n) = (H(m) H(n2) H V(z))

= e—m[|m|2+|?72|2](771 — 1j2)™ H(Zz —m)(zi —m2)¥r(21...2N)

)

Non-anlytic, the cut
gives a monodromy

® Simple expressions as a CFT conformal block.

® Charge and statistics coded in the algebraic properties of
the electron and hole operators.
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Fractional statistics without pain:

N

VI (1o 21 - .. 2v) = (H () H(n2) H V(z))

)

Non-anlytic, the cut
gives a monodromy

® 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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But this is too good to be true...

1
(771 — 772) ™ is nothing but a normalization of the quasihole

wave function and can be changed at will, for example

Vii(n) = e ™ — V() = eva? D HIVEAD

e

Bosonic

New scalzir field;
operator

does not see elect.

The new operator 1/, (n) gives analytic wave functions, and the
fractional statistics is moved from the monodromy to the Berry
phase!
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But this is too good to be true...

1
(771 — 772) ™ is nothing but a normalization of the quasihole

wave function and can be changed at will, for example

Vi(n) = €5 — Vi () = eva ¥ VIR

e

Bosonic

New scalzir field;
operator

does not see elect.

The new operator 1/, (n) gives analytic wave functions, and the
fractional statistics is moved from the monodromy to the Berry
phase!

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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Quasielectrons in the Moore-Read state

P(n) = /d2w ez T (ﬁl_l(z) &UJp(w))*
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Quasielectrons in the Moore-Read state

Generalized normal

73(77) — /d2w €ﬁﬁw (ﬁl_l(z) awjp(w))*(\ordering
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Quasielectrons in the Moore-Read state

Generalized normal

P(n) = /d2w ez T (ﬁ_l(Z) 8wJp(w))*(\°rdel‘ing

Ising representation
V(z) = d(2)e"V )

H™1(2) = o(2)e 7%
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Quasielectrons in the Moore-Read state

Generalized normal

73(77) — /d2w €ﬁﬁw (ﬁl_l(z) awjp(w))*(\ordering

Ising representation
V(z) = d(2)e"V )
HY(2) = o(z)e vz ¥

Does not (directly) give holomorphic wf:s...
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Quasielectrons in the Moore-Read state

Generalized normal

P(n) = /d2w ez T (ﬁ_l(Z) 8wJp(w))*(\°rdel‘ing

Ising representation Bosonic representation
V(z) = i(z)e’V2) V(2) = cos(¢(2))e’V 3¢
H'(2) = o(2)e” 3v3?") Hy(n) = X9/ 2e239)

Does not (directly) give holomorphic wf:s...
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Quasielectrons in the Moore-Read state

Generalized normal

P(n) = /d2w ez T (ﬁ_l(Z) 8wJp(w))*(\°rdel‘ing

Ising representation Bosonic representation
V(z) = ¢(z)e’V3) V(2) = cos(¢(2))e’ V24
H_l(z) _ O'(Z)e_ﬁgo(z) H:I:(n) _ e:l:icb(n)/Zeﬁ@(z)
i i . /3 i
Does not (directly) give holomorphic wf:s... H :(lzb) (n) =eve etz ¢ez\/g¢1 +3p2
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Quasielectrons in the Moore-Read state

* Generalized normal
)) — ordering

P(n) = /d2w ez T (ﬁ[‘l(z) O Jp (W

Ising representation Bosonic representation
Viz) = w(z)ei\/ﬁ@(z) Vi(z) = COS(¢(Z))eiﬂ¢(z)
H™(2) = o(z)e” 2va*®) Ho(n) = eXi¢)/2530()
Does not (directly) give holomorphic wf:s... H :(lzb) (77) = 2 ﬁ ('Oei % ¢ei\/§¢l + % P2

Different ordering, gives different wave functions:

(Pr(m)Pr(m2)P-(n3)P-(na)V(21) - - - V(2n)) = Y ma)(naima) (21 - - - 2N)
(Pr(m)P-(n2)P+(m3)P-(na)V(z1) .- - V(2N)) = Y(urms)(m2sma) (21 -+ - 2N)
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Quasielectrons in the Moore-Read state

Generalized normal

P(n) = /d2w g7 T (ﬁ_l(Z) 8wJp(w))*(\°rdering

Ising representation Bosonic representation
V(z) = (2)eV 2o V(2) = cos(¢(2))e’V 3¢
H_l(z) _ O'(Z)e_ﬁgo(z) H:I:(n) — e:l:icb(??)/ZGﬁ@(z)
Does not (directly) give holomorphic wf:s... H :(lzb) (n) =e Ve Pt 5 ¢ei\/g¢1 t3¢2

Different ordering, gives different wave functions:

(Pr(m)Pr(m2)P-(n3)P-(na)V(21) - - - V(2n)) = Y ma)(naima) (21 - - - 2N)
(Pr(m)P-(n2)P+(m3)P-(na)V(z1) .- - V(2N)) = Y(urms)(m2sma) (21 -+ - 2N)

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

Generalized normal

P(n) = /d2w ez T (ﬁ_l(Z) &UJp(w))*(\Ordering

Ising representation Bosonic representation

V(2) = 9(z)e’V2e V(2) = cos(¢(2))e’ V24
H_l(z) _ O_(Z)e—ﬁw(z) H:I:(n) — e:l:iqb(n)/Zeﬁ@(z)

b i idg i./3 i
Does not (directly) give holomorphic wf:s... H :(|: ) (n) =eve Pets ¢ez\/g¢1 +3p2
11;[-?]"!;:';'!3:'(?]‘.'1:?;'4:' — Z[ l]IT:ftlcl:ﬂ g +M2Z3 473 E —1‘]'.1:-:];21'-[?&5;_:'5’?[?6
i
X | Win,8)(.5) H (2 — 2;)° H(Eu 2iN2za — z8)(2y — 25)
i<igl e
N (CERTCEE CES CRB )
o i’ 4
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Quasielectrons in the Moore-Read state

ordering

1 - * Generalized normal
P(n) = /d2w ezm T (H_l(z) 6wJp(w)) —

Ising representation Bosonic representation
V(z) = (2)eV 2o V(2) = cos(¢(2))e’V 3¢
H ' (2) = a(z)e_ﬁw(z) Hy(n) = eI /25759(2)
Does not (directly) give holomorphic wf:s... H :(lzb) (n) = 6ﬁ¢6i%¢ei\/§¢li%(‘o2

Different ordering, gives different wave functions:

(P ()P (n2) P—(n3)P—(na)V (21) - .. V(28)) = ¥ (1 mo) (msma) (21 - 28)
(P ()P (12) Py (n3)P—(na) V' (21) - .. V(28)) = Wy 1ms) (mama) (21 -+ 28)

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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Two Moore-Read quasielectrons

Wage(m1,m2) = (P(i1)P(72) HV[E!':'}
i=1

= 3 (~1)* e %ot cosh(ii(z, — 2,)/16)e” 77 e | N 2o
@0

{aaabi*f([’g“' a2 z“:'":““b:')(zﬂ 2) [T (21 = 2)° [ ] (2 = 2) (2 — =)
e ]
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Two Moore-Read quasielectrons

U zge (11, m12) = (P(72)P(172) HV

=2 (-1 s  cosh(fi(z, — 2,)/16)e 77 Xi 2l gV Zer

=<l h

8.8, Pf ([Ez Eﬂ:l[zif zp) + (@ 'E':') (20 — 23) HI"I:M[E:' .E’:,-:Il‘a Hl'u:b:[zz 2z — z1)

.-E .
1 i< d

excess charge, N=16, 2 quasielectons

O T T T T T
o -0.05
Clear indication of 01

] -0.15 |

charge e/4 particles! -0.2 f
-0.25 +
-O 3 n
-0.35
_0 4 n
Related work by Bernevig and Haldane, -0.45 +
arXiv:08102366 -0.5

Aq/e
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Hierarchical NA-states?

CFT approach to QH... Correlations and ....
T.H. Hansson, SU Evora, Nov. 2008



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:

N
Ve = (Pecty(m)Pey)(n2) - - Py (ma) [ [ V(25))
=1
where € is a string of equally many + and - , multiply with an
appropriate pseudo wave function and integrate over 1 to get
holomorphic hierarchy states.
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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:

Ve = (Peqy(m)Pe(2)(m2) - - Peny(ma) | [ V(2))

=1

where € is a string of equally many + and - , multiply with an
appropriate pseudo wave function and integrate over 1 to get
holomorphic hierarchy states.

Will this yield new interesting non-Abelian states?
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T.H. Hansson, SU
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