
Computer tools for quantum many-body  
phase space calculations 

 
This project is suitable for you that have an interest in computer coding and want to make 
contributions valuable for advanced numerical calculations in the frontier of today’s research. 
 
 

 
 

From A.N.U. computer facilities in Canberra, Australia. 
 
To calculate the time evolution for many fermionic particles exactly is a notoriously difficult 
task. A recent introduction of a so called fermionic phase space representation have been a 
success in fermionic quantum dynamics, as we have been able to exactly treat one of the 
largest quantum systems in the world so far!  
 
With the newly developed formalism comes so called gauge freedom(s) in the equations used 
for the simulations, which in its simplest form can be illustrated with the (infinitely) many 
matrix solutions B to the matrix ‘square root’ equation for a given symmetric n*n matrix D 
 

B · transpose(B) = D. 
 
Take as a trivial example D = [ 1 1 ; 1 1], then e.g. B1 = [ 1 0 ; 1 0] , B2 =  [ 0 1 ; 0 1] ,  
B3 = 1/2· [ 1 1 1 1 ; 1 1 1 1] ,… solves the above matrix equation. 
 
The generalization of this and other related problems require the treatment of symbols 
(algebraic manipulations) which (for many variables) must be done with computers. 
You can solve such problems with a computer language of your choice (it is strongly advised 
that you have some personal experience in coding beyond the introduction course). 
Since we are in the end interested in optimizing the performance of a complicated numerical 
calculation, all steps from the creation of the equations to be solved, to the evaluation of the 
simulation performance have to done automatically. Fortunately some cases have already 
been worked out, so you do not have to start blindly from scratch.  
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