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Quantum Counterpart of Classical Dynamics

Classical description: Φcl .

Since the world is quantum, sometimes a question arises about
possible quantum effects.

Semi-classical method: Φcl + δφ.



Quantum Counterpart of Classical Dynamics

Dvali, Gomez ’11, ’12, ’13, Dvali, Gomez, Zell ’17

Quantization of fluctuations around the fixed classical background
has drawbacks.

Semi-classical back reaction on Φcl does not account for all the
quantum effects.

A more fundamental description should be in terms of a quantum
state with desirable properties; e.g. a coherent state built around a
well-defined vacuum.



An example:

Hydrodynamic eqs.: (water) −→ (water)

Realistic evolution: (water) −→ (water)′ + (vapor)



Main Message:
Dvali, Gomez ’11, ’12, ’13

Not all systems are equal in terms of significant cumulative
acquisition of microscopic corrections.

Interestingly, there are macroscopic systems for which such effects
are of utmost importance; such as black holes, de Sitter and
inflation.



Example of Inflation

V =
1
2
m2ϕ2

Standard : gµν = ḡµν(t) + ĥµν , ϕ = ϕ̄(t) + δϕ̂

Dvali−Gomez : gµν = ηµν + ĥµν , ϕ = ϕ̂



General Argument:
Dvali, Gomez, Zell ’17

In a theory with dimensionless quantum coupling α,
consider a state with large occupation number N.

Usually, it is possible to define a classical collective coupling αN
that sets tcl .

Taking into account that the same coupling leads to the
re-scattering of the constituents, one can define the quantum
time-scale

tq =
tcl
α
,

which sets the time required for the order 1 departure from the
initial coherence.
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