Statistical Mechanics and Quantum Integrability
Systems Seminar Outline

Fall 2023

e The book doesn’t explain all details. In your presentation, your job is to FILL IN those details.

e If you have any math related questions please email me ccl2166Qcolumbia.edu IMMEDIATELY
as I will need time to prepare an answer.

e Feel free to skip any physics (assuming you can distinguish between physics and math).

e The page numbering below is by what’s written in the book, not the pdf which can be found in

Files in Courseworks. For example, page 2 of the pdf corresponds to page 4 of the book.

1. 1D-— Solved Models

(1) The Ising Model
(a) Define cosh(z),sinh(x),tanh(z) and show that cosh?(z) — sinh?(z)=1 and thus the name
“hyperbolic sine”, etc.
(b) Follow [11, Chapter 2.1] up to page 50.
(c) Follow [11, Chapter 2.2] up to the end of 2.2.2. Leave the part about the Quantum Hamil-
tonian to the end.

(2) The Chromatic Polynomial and the Four-Color Theorem

(a) Follow [2, Sections 1, 2] skipping Theorem 2.6.
(b) Follow [11, Appendix 2.C] starting on page 95 and the end of [11, Section 2.5] on page 73.

(c) Prove your favorite theorems from [2, Sections 3].
(3) Series Expansion and the Potts Model

(a) Follow [11, Chapter 2.3]. Chapter 2.3
(b) Follow [11, Chapter 2.5]

(5) Bessel functions and O(n) symmetry

(a) Follow [11, Appendix 2.A] up to the end of page 87 where it says, ”For that reason, the I'(2)
function ... of the factorial skipping the paragraph “Since I'(z + 1) is defined...” Plotting Fig.
2.18 on page 89 would also be nice.

(b) Follow [11, Appendix 2.A, The Bessel functions I,(z)] starting on page 90 and ending on
page 92.

(c) Follow [11, Section 2.6] up to the end of page 76.

(d) Check that I,(z) is indeed a solution the “Bessel equation” (2.A.10). Proofs for the recur-
rences can be found in [8].
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Section 3 2D— Solved Models

(14) Z,, symmetry and more on the Gamma Function

(a) Follow [11, Section 2.7]
(b) Follow [9] Section 15.8 stopping at the end of 15.8.1.

2. 2D-— Solved Models
(4) Duality in the 2D— Ising Model

(a) Follow [11, Chapter 4.2].
(b) If you have time cover [11, Chapter 4.3].

(6) Dimer Solution and Circulant Matrices

(a) Follow [11, Exercise 5.4] on page 210. (Ask Cailan for notes)

(b) Follow [1] Sections 1-2 ignoring any computer code.
(7) Pfaffians and the Dimer solution of the 2D—Ising Model

(a) Follow [11, Chapter 5.2].
(b) Define the matrix J, state Theorem 3 and then prove Theorem 4 in [4].

(8) The Transfer Matrix Approach to the 2D—Ising Model
(a) Follow [11, Chapter 6] up to the end of Chapter 6.1.2. on the top of page 219.
(9) Eigenvalues of the Transfer Matrix

(a) Follow [11, Chapter 6.1.3-6.2].

3. Quantum Integrable Systems

(10) Tensor Products and the Heisenberg Spin Chain

(a) Follow [10] pages 5-8.
(b) Follow [7] Sections 1-4 skipping Section 3.1.

(¢) Follow [3, Section 5.3] ignoring the part about measurements. (If you want to do this part,
look up “Partial measurements” by Michael Nielsen on Youtube and then do Example 4 in

[3].
(11) The XXX spin chain and Coordinate Bethe Ansatz
(a) Follow [7] Section 5.
(12) The Lax and Monodromy Matrices and the Yang-Baxter Equation

(a) Follow [6] up to the top of page 8, first pargraph where it says, ”which he calls the star-triangle
relation.”

(13) Algebraic Bethe Ansatz and the XXX spin chain

(a) Follow [6] Sections 6-7.
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Section 3 REFERENCES

(15) The 6 Vertex Model

(a) Follow [5] Section 6 up to Equation (6.19). Copy equation (6.21) and equation (6.25) and
then start again at Section 6.3.4.
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