
Quantum technology, group 
theory, phase space

•Peter Drummond 
• Special thanks to my co-authors

• Laura Rosales Zarate and Ria Rushin Joseph

Lecture 3, Peking University 2019



OUTLINE

•Why do we want a phase-space for fermions?
• Gaussian operator bases
• Definitions of Q-functions and P-functions
• Results for completeness and resolution of unity
• Results for differential identities, Fermi shockwaves
• APPLICATIONS TO FOUNDATIONS OF QM MEASUREMENT





Using trapped 
fermions to
model High Tc 
superconductors:
Fermi-Hubbard model

What about many-body fermion and majorana systems?



Fermi-Hubbard model



Simple 
picture:
Problem –
the ground 
state is
still 
unknown!



Exponential complexity problem

• Experiments (Harvard) are at 0.25 of the Fermi temperature
• Many different geometries and dynamical properties accessible
• Many-body Hilbert space is exponentially complex
• No reliable method for calculating long-range order.
• How can we understand complex Fermi systems - sign problems?

• Is there another approach apart from number states?
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Completeness





Fermion case 
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Bounded real domain in 
M(2M-1) = 1,6,15,28,..    dimensions:







Finite 
temperature 
breathing 
oscillations

• Oscillations triggered by a 
sudden reduction In trap 
frequency; non-interacting 
Fermi gas in 1D



Zero and finite temperature shock waves




























