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Motivation: Fock space decomposition of QH states

Example: Laughlin state on the sphere (Haldane PRL 83 )
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The Cn,}yare known recursively by the B.A. Bernevig,
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Motivation: Fock space decomposition of QH states

Example: Laughlin state on the torus (Haldane, Rezayi, PRB 85 )
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Motivation: Fock space decomposition of QH states

Example: Laughlin state on the torus
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“thin torus limit”
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Motivation: Fock space description of QH states

Example: Laughlin state on the torus
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Alternative view: change of metric
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Connection with “Hall viscosity”:
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Outline

Motivation

- Understand structure of Fock space decomposition of torus Laughlin
states

.’T-dependence

. relation to root pattern

Heat equation for 7 - evolution of Laughlin states

- 2-body operator as generator for 7 -evolution of coefficients

- presentation of torus-Laughlin state in terms of root pattern

Application: Hall viscosity

Conclusion



‘T -dependence of Laughlin state in Fock space
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A look at the cylinder
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A look at the cylinder
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A look at the cylinder
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A look at the cylinder
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A look at the cylinder
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Geometric changes in the Fock space description of cylinder quantum Hall states
are generated by a simple single-body operator:

(This is a consequence of the

_ 1 E : n2 C]L c polynomial structure and is not
2= n=-mn specific to the Laughlin state!)



A look at the cylinder
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A look at the cylinder
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A look at the cylinder
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Note, however, that this does not remain meaningful in the thin cylinder limit » = 0,
in which the ket |17 /3(r)) becomes |100100100...) .



Back to the torus
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Want to define (5. such that it generates the change with 7 in the “guiding center”
description of the Laughlin state.



Back to the torus
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We may assume (without loss of generality) that such (G- is symmetric with respect
to magnetic translations on the torus. This shows that unlike for the cylinder, this
generator cannot be a single body operator!

(It would then have to be proportional to the particle number operator.)



Differential equation for 7 —dependence of torus
Laughlin state
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Differential equation for 7 —dependence of torus
Laughlin state
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a  RHS looks like a 2-body operator

a However: As written, the wl/q(T) don’t really live in

the same Hilbert space for different 7 .
| | o Ly,|/r=L,/L,
a Also: The differential equation still encodes the
change of the Landau level basis as well as that of
the expansion coefficients. I
xr




Solve problem in 1D Hilbert space

0 < Im7 = 27 Li} T
1
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View this as function of real variables in the interval [0,1] (y, = 0).
Forany T , the Laughlin state is thus a member of the Hilbert space of square-
integrable functions over [0,1], endowed with scalar product

(6l = /0 dz " (2)(x)

The following (un-normalized) basis of LLL orbitals remains orthogonal after restriction to 1D:

n(z) = ¢ P2 [”(/) L] (Lz. L7)



Differential equation for 7 —dependence of torus
Laughlin state
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The operator on the RHS is now a well-defined 2-body operator acting within

(a dense subspace of) the Fock space derived from square integrable functions on [0,1].




Differential equation for 7 —dependence of torus
Laughlin state
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Differential equation for 7 —dependence of torus
Laughlin state
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Differential equation for 7 —dependence of torus
Laughlin state
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Differential equation for 7 —dependence of torus
Laughlin state
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The generator (-

P. AP, Vi/q = ITéT‘wl/q> (7 imaginary)

~

This implies that the matrix elements of GT are those of /\ , restricted to the lowest
Landau level at T .

E Gmm 'mn/’ CT ! m’'Cn’Cn  (+ arbitrary const. )

mm’'nn’

Gt = 5/ dx/ da’ x> (x)x> (") A x5 (") (x)
0 0

The integrand is easily expanded in terms of plane waves, and so the integral readily
expressed through (rapidly converging) multiple sums.



The generator (5.,
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The symmetrized generator GT,Sym

Turnsout |G-, T,] =0, TyGTTJ + G,

We may just symmetrize:

Tsym:_ZTn

Gﬂsym acts the same way on the g-fold degenerate Laughlin states as GT
and [GT,sym7 TCE] — O — [GT,sym7 Ty]

The L-1 linearly independent 2-body operators
Dy, = Grym — T G- (T))"  n=0...L—2

all satisfy Dy 1] ,4) =0 (=0...q-1

12
For g=3, we checked that this condition uniquely characterizes the ‘¢1/3>
at filling factor v = 1/3 .



Generating |1 3) from thin torus limit

d
EWf/g(T» = Gr oy V] /5(T))

It turns out that this is well behaved in the 7 — o0 limit. In particular,
unlike in the cylinder case, GT,Sym has off-diagonal matrix elements that
can generate the full Laughlin state at 7 out of | 100100100100...).

We thus have

6 4 (r)) = Ty expf / dr G ..} 100100100 ... )
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Application: Hall viscosity

The non-dissipative, anti-symmetric part of the viscosity of a quantum Hall state is
related to the adiabatic curvature on the space of background metrics.
(J. E. Avron, R. Seiler, P.G. Zograf PRL 95; N. Read, E.H. Rezayi, PRB 10).
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Application: Hall viscosity

The non-dissipative, anti-symmetric part of the viscosity of a quantum Hall state is
related to the adiabatic curvature on the space of background metrics.
(J. E. Avron, R. Seiler, P.G. Zograf PRL 95; N. Read, E.H. Rezayi, PRB 10).
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Application: Hall viscosity

The non-dissipative, anti-symmetric part of the viscosity of a quantum Hall state is
related to the adiabatic curvature on the space of background metrics.
(J. E. Avron, R. Seiler, P.G. Zograf PRL 95; N. Read, E.H. Rezayi, PRB 10).
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F = Vi n(A) “Hall viscosity”
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S = , S : topological shift, (S = 3 for 1/3 Laughlin state)
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Application: Hall viscosity
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P. Lévay, J. Math. Phys. 95
N. Read, E.H. Rezayi, PRB 10

For the Laughlin state, we can of course relate the 2" term to the operator GT itself.
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Application: Hall viscosity

Viscosity for lterated Laughiin State, np=5. dr y=1e-3

1] | L 1 |

1

\\ —
1 | L | —— 1 L
3 1 5 6 ! 8 9

10



Va]

N | —

"" | 1 | 1
:(XM "\
x"' A
- / ~
1.2 v,
.")("
' - P ..n“'*“’”“wﬁ*% . / .
0.8~ -
10
0.6+ T = € \ i
Al lasl step arg(1)=169.87
Slale Error: 0.006496779635 .
04 -
\
0.2} \\i
0 1 1 1 ] 1 1 1
90 100 110 120 130 140 150 160

Application: Hall viscosity

Viscosity for Iterated Laughlin State with hi=1, np=5. step dd=5e-4rad
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Cf. N. Read, E.H. Rezayi, PRB 10



Conclusions

+ Changes in the occupation number basis description of the torus Laughlin

state with modular parameter T are generated by a 2-body operator G'-.

+This allows for the following presentation of the torus Laughlin state only in
terms of the root pattern and a path-ordered exponential involving 2-body

operators:

-
6 () = T exp / dr G} 100100100 .. ),
O
+As an application we calculated the Hall viscosity of the 1/3 Laughlin state.
oA new family of L-1 2-body operators was found that annihilates the torus

Laughlin state. This property characterizes the topologically 3 degenerate

ground statesat v = 1/3 uniquely.



Application: Hall viscosity

The non-dissipative, anti-symmetric part of the viscosity of a quantum Hall state is
related to the adiabatic curvature on the space of background metrics.
(J. E. Avron, R. Seiler, P.G. Zograf PRL 95).
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