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Local dancing rule — global dancing pattern

e Local dancing rules of a FQH liquid:
(1) every electron dances around clock-wise
(PrqH only depends on z = x + iy)
(2) takes exactly three steps to go around each other
(Relative angular momentum S, = 3)  Wen-Wang arXiv:0803.1016
— Global dancing pattern ®rqu({z1.....2n}) = [[(zi — z;)°

e A systematic theory of FQH state — Pattern of zeros 5.:
a-electron cluster has a relative angular momentum S,

S.= S,=18 v=1/3 Laughlin
S = Sy= S,=10 v=1/2 Pfaffian
e Local dancing rules are enforce by the Hamiltonian to lower energy.

e Only certain sequences S, correspond to valid FQH states. Which?
e Different POZ S, give rise to different topological properties
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GPE rule and edge spectrum for the Pfaffian state

First kind of edge:
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Edge states = zero-energy states of ideal Hamiltonian

e For ideal Hamiltonian V; ;5(z1.20) = —05,0(z21 — 22)0)5,, the N
electron state Py ;3 = [[;;(zi — z)°, is the zero-energy state with
minimal angular momentum (the order of z;'s) My = N(N — 1).
Other zero-energy state has higher anglar momenta. Those zero
energy states are the so called edge states:
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Edge spectrum of Laughlin state

For v = 1/2 Laughlin state, the edge states are obtained by
deforming the Laughlin wave function without reducing the order
of zeros:
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Pattern of zeros and generalized Pauli exclusion rule

®/ ,.1—1,,>5 — the spacing between any two occupied
orbitals by different electrons is no less than 5
— a generalized Pauli exclusion rule

More general Pauli exclusion (GPE) rule

In terms of [,., = S.., — S, ,_1, the concave condition for
quasiparticles becomes

for any a.b.c € Z.. Note that /.,,., — |-, is the spread of b + 1
electrons. Setting ¢ = 1 — The spread of b electrons > /.

— The number of obitals occupied by b electrons > /, + 1.
(/, = the spread of the first b electrons in the ground state.)
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Edge CFT — bulk CFT

e The above theory ;%0 o(J: + viy)o for edge states is a chiral

conformal field theory — a Gaussian model or a U(1) current

algebra, with electron operator c(z) o !™m?{2)

e The correlation of the V electron operators in the CFT produce
the N-electron bulk wave function:

H(Zf ' Zf')m X [Ci(z\) {}{:im--s;)lir H C(Zf')

The above can be shown by using

imNo(z~) | | n1mao(z;)

il [—imNd(zc )+ ima(z)))°

If the bulk wave function can be written as a correlation of
“electron operators in a “bulk CFT", then the same CFT will
also “describe” the gapless edge states.
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Low energy effective theory of edge excitations

’ The . 1/m state LUl m ll(zf ij)m_ = I ,
FQH bulk ™"

-~

= edge excitations = edge waves
= edge phonons after quantization. E| Chiral phonon
Displacement h o 1D edge density p = hpsp.

k
e Confining electric field induces edge current

j "T\\_._.7 8 E

e Electron drift velocity at the edge
E

v C

B

e The wave equation for the propagating edge wave:

Oep + voxp = 0, p(x) = nh(x)

e The Hamiltonian (i.e. the energy) of the edge waves:

' 1 ' vV ,
H / x 6‘{!&/7 / dx -
_ ) | »
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Low energy effective theory of edge excitations

e In momentum space p(x) | 2o (L = length of ring):

_ _ v 2T
f"‘.\ ]Vk,”i'\- H 2T /I _.'\!')'.‘\_ k
Vv Z L
K >0
e If we identify py|, -0 as the ‘coordinates’ and p, = 127p_, /vk as
the corresponding canonical ‘momenta’, then the standard
Hamiltonian equation will reproduce the equation of motion
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Low energy effective theory of edge excitations

e In momentum space p(x) = 5, L=12e1® ), (L = length of ring):
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Electron/quasiparticle operators and correlations

10k prt] = 5= kOkskr = [p(x). p(y)] 15-0"(x — y)

— [;a(,\').u(__v)} 1o(x —y) = [ ,(,\,)_”(_\;” 1 Trsgn(x — y)
e Electron operator: The electron operator on the edge creates a
localized charge

[p(x). C(,\’f)] —d(x — x")e(x). cox elv? 0 — Oy

e Quasiparticle operator: The quasiparticle operator on the edge
creates a localized charge

[p(x). r'(;!(.\ff)] vo(x — x" )iy (x").

e Correlations and conformal dimensions:
p(x.1)p(0.0)) = — 3 L__ 5 (&(x. t)6(0,0)) = —nxEiv)

(27)em (x+1ivt)- m

[,imw{.‘) ima(z”)

e 2dim(c) = m.

1

8q = 2dim(vg) = =
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Edge CFT — bulk CFT

e The above theory ;-0 o(J: + viy)o for edge states is a chiral

conformal field theory — a Gaussian model or a U(1) current
algebra, with electron operator c(z) o o!M?{2)

e The correlation of the V electron operators in the CFT produce
the N-electron bulk wave function:

H(Zf ' Zf')m X [Ci(z\) {}{:inr--s;)lir H C(Zf')

The above can be shown by using

imNo(z~) | | n1mo(z;)

il [—imNd(z )+ ima(z;)]

If the bulk wave function can be written as a correlation of
“electron operators in a “bulk CFT", then the same CFT will
also “describe” the gapless edge states.
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Edge CFT — bulk CFT

e The above theory ;-0 o(J: + viy)o for edge states is a chiral

conformal field theory — a Gaussian model or a U(1) current

algebra, with electron operator c(z) o~ !%(?)

e The correlation of the V electron operators in the CFT produce
the N-electron bulk wave function:

P({ZI}) H(Zl' ' Zf')m X [Ci(z\) {}{aim-s;)liTHC(Zf)

The above can be shown by using

imNo(z) | | o imo(z;) n—IMmNo(zo0)+3

1 ; pyp. LS i m( 7112 ne S b
o3 [—imN@(z )+ ima(z;)] v oM 2ig

If the bulk wave function can be written as a correlation of
“electron operators in a “bulk CFT", then the same CFT will
also “describe” the gapless edge states.
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Application to Laughline FQH states

o CFT = L0,0(0,

— Scaling dimension of e¢!@@(Z1): h

e OPE:

(21 'Z‘)I'—; -3

e If we choose the electron operator as c(z) = ¢!V"(Z) the

electron operators will be mutually local respect to each other,

m m 4m
)

since = + = — —m € Z.

e For the above choice of electron operator, the quasiparticle

1 o(Z)

operator must be of a form ¢'{(z) = ¢ v» """, since

\ (vVm+—=)*
n“ , m A m ) 7

2m 2 2 —nca

e We see that v, ~ cl/™ as expected.

e If we replace o by \/mo, we will recover the previous description.
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“Electron” operator and “quasiparticle” operators in CFT

e The electron operator ¢(z), by definition, is an operator in CFT
that give rise to single-valued correlation function

P({zi}) x (O(zx) [ | <(2))

Single-valued respect to z;'s — Electron operators ¢ are mutually
local respect to each other.

e A quasiparticle operator ©'4(¢), by definition, is an operator in CFT
that give rise to single-valued correlation function respect to the
electron operator ¢(z)

Pq(:\l-:\_’{zi}) x (O(zx )"ql(:.l)"q (:\_‘)HC(ZE) ‘

Single-valued respect to z;'s, and may not be single-valued respect
¢’. — Quasiparticle operators ', are local respect to the
electron operator ¢; Quasiparticle operator ¢, may not be local
respect to another quasiparticle operator t'y,.
CFTinimal + electron operator ¢ <+ FQH state.
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Application to Laughline FQH states

o CFT = L0xo(0¢ + viy)o —

— Scaling dimension of e¢!@@(Z1): h

e OPE:

Plf':f'(:] )‘klri_-'-'[:‘ )

X

(z1 — 22) 2

e If we choose the electron operator as c(z) = ¢!V7(Z) the

electron operators will be mutually local respect to each other,

m m 4m
)

since = + = — —m € Z.

e For the above choice of electron operator, the quasiparticle

1 o(Z)

operator must be of a form '[(z) = ¢ v» """, since

- (vVm+—=)*
n“ ., m A m )

/m _
2m 2 2 —nca

e We see that v, ~ cl/™M as expected.

—

e If we replace o by \/mo, we will recover the previous description.
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Electron/quasiparticle operators for Pfaffian state

e Edge effective theory of filling fraction » = 1/m Pfaffian state:

m
r.f\.:a(r.)r - V.r.).\ )4r T \((.){ + Vt.)\. )\

2]

e Electron operator: Ferminic electron — 1» = 1/even

c(z) = M2)e!™2)  (cT(2)e(0)) ~1/2ML, ge=m+1

e Quasiparticle operator

S1/2 ji(m+3)é
z2m T 4m
e 0 is the boundary-condition-changing operator with scaling
dimension h, .ll“. On aring Etor = €L —?( 57 T hexe)
The chiral Majorona model= % 1D transverse Ising model
— > (0F07, { + ho?) at critical point and 0,0 = o*.

]

e Quasiparticle correlation (vq(z)14(0)) ~1/zim ™8, g, = 5= 4
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