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WEDNESDAY, JANUARY 6, 2016

THEO JOHNSON-FREYD

Today continues the story of the Potts model, based on Jones’ notes', Baxter’s book?, and the
original Temperley—Lieb paper®.

1. PoTrTSs MODEL AND TEMPERLEY—LIEB ALGEBRA

Last time I introduced the Potts model, which is the statistical mechanical model on a graph G
in which each vertex carries one of N colors (the “spins”), and each edge has a Bolztmann weight

w(o,0’) =1+vé(c,0")

where 0,0’ are the values of the state at the two ends of the edge. What we're interested in
understanding is the partition function

Za(v,N) = Z H w.

states:vertices—spins edges

As a warm-up, let’s consider the one-dimensional case, and be more general, allowing arbitrary
Boltzmann weights:

Example 1.1. There’s only one type of one-dimensional lattice, and it’s the same whether you
decide that the sites are the edges of the vertices (since you can always move to the Poincaré dual
lattice). Suppose that there are N possible spins, and that the only interactions are on adjacent
vertices. Then the Boltzmann weights are a N x N matrix W with nonnegative entries. Think of
W as an endomorphism of V = CV and let’s take periodic boundary conditions. Then if there are
m sites,
Z(T) =try W™
As m — oo, this is going to be dominated by the largest eigenvalue of W:
free energy per site = largest eigenvalue of W

So the problem is solved if you know how to relate the largest eigenvalue for some matrix with the
largest eigenvalue for the matrix formed by raising every entry of your original matrix to the power
1/T. Anyway, the point is that it’s “just” a problem of finding the spectrum of an operator (and,
in fact, the largest eigenvalue). O

Returning to the Potts model, let’s consider the problem on an m x n lattice (with free boundary
conditions). Set V = CV.

The strategy will be to try to turn this into the one-dimensional spectral problem like in Ex-
ample 0.1. So let’s consider each (length n) row to be a single “atom,” which can take any of N"
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spins. So its vector space is V®". A typical basis vector of V®" is a list of n spins & = (01, ...,0,).
What’s the energy of m rows? Actually, we just want the exponentiated energy.
Each row itself contributes an exponentiated energy of

n—1

Ehorizontal(a) = Z Kd(O’i, Ji—i-l)
=1

and two adjacent rows also contribute an energy of
n
Elertical (0, U,) = Z Ko(oi, 0-2)
i=1

Set A to be the N x N™ diagonal matrix whose oth entry is exp Ehorizontal(0), and B to be the
N™ x N™ whose (o, 0’)th entry is exp Fyertical (0, o).

Exercise 1. Show that the partition function is
Z = 4 (AB)™ " Al nn
where Enn is the length-N"™ (column) vector which is all 1s, and &4 is its transpose.

So we're interested in spectral problems related, for example, to AB.

Let g be the N x N matrix which is all N=/2, .. g = N_l/Qfofv where & is the length-INV
all-1s vector. Bear with me for the funny normalizations — there’s a reason I want them. For
1=1,...,n, set

Ugi-1=1Iy® - ®1IyRgRXIN® - Q1N
where 1y is the unit N x N matrix and the g, thought of as a map V — V), is in the ith spot. So
Usi—1 acts on V™. Then

n
B = H(U + NY20y; ).
i=1
This follows from the case when n = 1, in which case I'm claiming that
exp (Ké6(o,0")) = (X —1)0(0,0") + NY2N—1/2

Let f be the N2 x N? diagonal matrix whose (o, 0’)th diagonal entry (where now the ordered
pair (s,¢’) € {spins}*? parameterizes the column of the matrix, and not the matrix entry, since I
already said it was diagonal) is N1/25(g, ). Fori=1,...,n—1, set

U2i:1N®"'®1N®f®1N®“'®1N

where the f, thought of as a map V®2 — V®? is in the ith and i + tth spots. So Us; acts on V&,
Then

n—1

A= H(l + N_1/2’()U2i).
i=1
This follows from the case when n = 2, which I leave to you.
Now, the point of the funny normalizations is that
UiUinU; = U;.
We also have
U? = N2y,
and
UinZUjUi, ‘Z—j‘ >2

where in these relations i,7 = 1,...,2n — 1 (except Uy and Us,, are undefined... ).
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Definition 1.2. The 2nth Temperley—Lieb algebra T Lo, is the unital associative algebra generated
by Ui, ...,Us,—1 with the above relations. o

The point is that the Potts model furnishes a representation of Temperley—Lieb algebra.

Exercise 2. In TLo,, set
R=N"T"2U0U;... Uy, 1.
Prove that there is a unique linear functional 7 on T Lo, _1 such that
RXR=71(X)R
for all X € TLoy—1. For example, (1) = 1.

Exercise 3. In the Potts representation, R = N~ "Ennln, 7(X) = N XENn, and Z =
N"1(ABA...BA).

Warning 1.3. The functional 7 can be hard to evaluate. <&
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