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Pauli's principle

Pauli’s exclusion principle (1925):

no two fermions in

the same quantum state’

strengthened by Dirac & Heisenberg in (1926):

‘quantum states of fermions
are antisymmetric’
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no constraints? weird constraints? linear constraints!



Borland Dennis 1972

3 fermions & 6 modes
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distinguishabl
In general &
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fermionic ground state:

Un(E)  [Vy) € AN (H)



Pinning Analysis
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Is Pinning Exact?
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Origin of Pinning?

new constraints in conflict with energy minimisation

kinematical dynamical
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Wave function sewmm
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Entanglement
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Entanglement = unique quantum mechanical correlations

¥ and ® have same type of entanglement

«—» Y and @ can beinterconverted with
sochasticJocal operations and classical
communication Diir, Vidal & Cirac 2000

fermions

«—>» Y=4.0

\ invertible linear transformation of modes

5 fermions & 6 modes



5 fermions & 6 modes

4 types of entanglement  Levay & Vrana 2008
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Are there additional constraints
on occupation numbers?

no constraints? weird constraints? linear constraints!
entanglement polytopes



3 fermions & 6 modes

4 types of entanglement
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tanglement class

Entanglement Polytopes”i’
|

occupation numbers of all states in
given entanglement class form polytope

Walter, Doran, Gross & Christandl, Science 2013
Sawicki, Oszmaniec & Kus 2012

group representation theory

entanglement witness Brion's theorem
Ai
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systematic, finite, single-particle accessible

measured

occupation numbers

0 Y

hierarchy of multiparticle entanglementaiso for bosons, qubits, ..
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Entanglement classes: 9 infinite families of entanglement classes



Four Qubits

Entanglement classes: 9 infinite families of entanglement classes

Verstraete et al, 2002

Entanglement polytopes: 16 polytopes (up to permutation)
9 full-dimensional (genuine entangled)
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Summary

extended Pauli's principle

physically relevant?

better

pinned states have simple structure Hartree-Fock?

entanglement polytopes




