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Transfer-Matrix in Fourier Basis
gauge variables
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transfer-matrix 1
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matrix M in the 2d lattice
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Review: Current Expansion in Fourier Basis

matrix element in fourier basis
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the matrix element (k'|V|k): is the transition amplitude between states with k and

k' currents during the imaginary time interval ‘a’.



Currents, States and Blocks
A co-block of the vacuum state is found as the current-vector
kot =ko+q1- M

with
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The graphical representation of kqg;1 as co-block of kg = 0
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k1,1 = k1 — q1 - M as a co-block of kq with 3 links having unit current.
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A co-block of k1 with five links having unit current.
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Rules of Current Expansion in Strong Coupling

the ground-state is unique and belongs to the kqo’'s block. Energy and 1% eigenvalues
are related as
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Normalized transfer-matrix
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Current Expansion at Large Coupling

As examples of the diagrammatic representation of the terms in the strong
coupling expansion, the diagrams contributing to the vacuum to vacuum
(v.t.v.) transition at order v2 are
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Spectrum in Strong Coupling Limit

Spectrum in Strong Coupling Limit
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Spectrum in Strong Coupling Limit
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Spectrum in Strong Coupling Limit
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Spectrum in Strong Coupling Limit
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Gauss Law Constraint in Fourier Basis

wave-function
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Gauss Law Constraint in Fourier Basis

For the case of the 1d periodic spatial lattice, the only closed loop is the one around the entire
the periodic spatial direction.
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the exact spectrum of 1d model is found:
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the continuum energy density (energy per link) expected by the classical model is recovered
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Gauss Law Constraint in Fourier Basis

Left: periodic loop current a, and
two of its co-blocks b and c.

Right: d as a two spaced equal
periodic loop currents, and e as a two
spaced opposite periodic loop
currents. In fact, e belongs to the
vacuum block.
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Examples of 2d gauge invariant closed currents from the vacuum block.



Gauss Law Constraint in Fourier Basis

Examples of 3d closed edge
currents from the vacuum block. General 3d closed currents from the
vacuum block.
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Transfer-Matrix in Weak Coupling Limit

In the weak coupling limit g < 1 the configurations with § < 1 find the dominant
contribution.for following vector with 2N, components

A
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the elements of the transfer-matrix are given by means of the following quadratic form
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Transfer-Matrix in Weak Coupling Limit

So in Fourier Basis
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Transfer-Matrix in Weak Coupling Limit

No. of sites | No. of links | dim. of Cyq
2d lattice N2 Np =2N? [ Ng=N?+1
3d lattice N3 N, =3N3 [ Ng=NJ+2

For periodic lattices in two and three dimensions the size of block Cy is given by explicit
representations of M.
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Spectrum in Weak Coupling
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Spectrum in Weak Coupling

M'M- ¢ =46 ¢

for which <£|€,> = 5§§/.
In this basis, obviously the zero eigenvalues only contribute to the A~ part, and the
matrix element finds the form
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the contribution of zero modes:
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which satisfies PZ = P,. By the explicit form of the matrix M, it is a simple task to
check that the result of the projection of the mentioned allowed states to the subspace
by zero modes is a uniform electric flux.
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Spectrum in Weak Coupling

Ll

The thick lines represent k as uniform electric fluxes on links of a 2d lattice.

The non-zero modes represent a harmonic oscillator dynamics
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