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Incompleteness of QM

|𝑑𝑒𝑎𝑑⟩ + |𝑎𝑙𝑖𝑣𝑒⟩



Incompleteness of QM
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Fundamental degrees of freedom

𝜃𝑖𝜃𝑗 + 𝜃𝑗𝜃𝑖 = 0 𝜃𝑖
2 = 0

𝜒 = 𝜃𝑅 + 𝑖𝜃𝐼 𝜒𝑟 , 𝜒𝑠 = 0

Grassmann Numbers

Bosonic Fermionic



Trace Derivative

𝑃 = 𝐴𝒪𝐵𝒪𝐶

𝛿𝑷

𝛿𝒪
𝑤ℎ𝑒𝑟𝑒, 𝑷 = 𝑇𝑟𝑃
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Lagrangian and Hamiltonian dynamics



Conserved quantities

Trace Hamiltonian Fermion Number Adler-Millard Charge

𝑯



Fermion number is conserved when there are equal numbers 
of fermionic canonical coordinate and momentum factors in 

each term in the trace Hamiltonian.

Global Unitary Invariance: When a trace Hamiltonian that is 
constructed from the matrix dynamical variables using only c-

number coefficients Adler-Millard Charge is conserved.

The Adler-Millard charge plays a vital role in the emergence of 
quantum dynamics
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Operator Phase space

This measure is invariant under canonical transformations (Louiville’s theorem)



Canonical Ensemble

• Assume large number of degrees of freedom evolving in phase space

• Assume Ergodic hypothesis

• Lorentz invariance is broken; choice of trace Hamiltonian

• ሚ𝐶 is Poincare invariant and is not affected by choice the trace 
Hamiltonian

• Canonical averages are determined by ሚ𝐶 only and so the resulting 
quantum theory is Poincare invariant



Ensemble average of an operator 𝑂

⟨ ሚ𝐶⟩ can be written in terms of real diagonal and non-negative 
operator 𝐷𝑒𝑓𝑓 and a diagonal phase 𝑖𝑒𝑓𝑓

ሚ𝐶 = 𝑖𝑒𝑓𝑓𝐷𝑒𝑓𝑓



If the ensemble does not favour any one state over the other then 

ሚ𝐶 = 𝑖𝑒𝑓𝑓ℏ

To obtain equilibrium distribution



𝑍𝑗 =

Emergence of quantum theory

• Conserved charges in trace dynamics play a role analogous to that of energy 
in classical statistical physics

• Using this and the equipartition theorem, a general Ward identity is derived 
for the canonical ensemble

• At low energies we then obtain an effective quantum field dynamics





Assumptions

• The energy scale 𝜏−1is the Planck scale and we are working at much 
lower energies

• The chemical potential can be neglected

• The charge ሚ𝐶 is replaced with its average value ሚ𝐶 = 𝑖𝑒𝑓𝑓ℏ

• 𝑊 = 𝐻
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• Consider fluctuations in the Adler-Millard charge

Stochastic,
Linear



• Considering c-number fluctuations in terms of white noise we get

This stochastic differential equation is linear and does not preserve norm



We impose norm preservation by hand and get a nonlinear stochastic 
modification of the Schrodinger equation



The CSL model can be obtained by choosing 


