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Abstract

In this introductory lecture we de-
scribe the XXX Heisenberg spin chain,
study its spectrum, wavefunctions and
discuss integrability of the system. Some
examples are given with simple Mathe-
matica code. We also discuss applications
to AdS/CFT correspondence.

Some derivations are formulated in the
form of step-by-step exercises. They can
be solved either with Mathematica or by
hand. A quick introduction to Mathe-
matica is provided in a separate video.

https://youtu.be/jTRQTwBX9ek
https://youtu.be/nRp_a6c31sw


The problem has 3 parts, which are totally independent, you can solve in any order. 

Part 1 Direct diagonalization and Bethe Ansatz equations (Mathematica) 
Use the code from the lecture to 

1) Construct explicitly L=6 Hamiltonian, and find its eigenvalues. You should obtain: 

 
2) Solve BAE for 1 magnon, 2 magnon. You should reproduce most of the spectrum correctly (but not the 

degeneracies) 
3) Try to solve 3 magnon case 

Part 2 Algebraic Bethe ansatz (by hand) 
Using the following conventions: 

 

 
1) Use TTR=RTT relation to derive: 

 
Where  
2) Prove that action on the vacuum (all spins up) is given by: 

 
3) Prove that one magnon state can be written as: 

 
4) Try to prove the general case, of any number of magnons the eigenstate of A+D is: 

 
 When the roots satisfy the Bethe ansatz equation. 
 



Part 3 AdS/CFT applications (Mathematica) 
 

 





 


