Bridging quantum mechanics and continuum modeling:
Macroscopic averaging of exact quantum fluid description
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INTRODUCTION

Context:

♦ Continuum modeling is a powerful and accurate semi-empirical approach for modeling nanostructures and large-scale systems. However, it extensions
to new phenomena is not straighforward and requieres inputs from the experiement or other theories.
♦ Quantum mechanics is an exact theory but limited to small-size systems.

Objectives:
♦ Obtain an averaged form of the exact quantum fluid description of coupled light-matter systems, allowing for accurate and parameter-free large-scale
modeling.

EXACT QUANTUM FLUID DESCRIPTION
Quantum description of matter is usually described by a Schrödinger equation
,with

of the form

1
which can be reformulated in terms of exact coupled fluid equations of the form

MACROSCOPIC
Idea:

2,3
AVERAGING

Microscopic fluctuations of physical
quantities are usually not important
from the macroscopic perspective.
Averaging
volume

Method:

Every function
can be expressed as the sum of
a macroscopic, or locally averaged part, and a
microscopic, or fluctuating part

Pros:
These are exact equations, allowing for a parameter-free description of any
pertubation.

Cons:

which still contains the microscopic fluctuations of
the two functions.

Cannot be solved in practice for real systems.

MACROSCOPIC QUANTUM FLUID EQUATIONS

Importantly, the macroscopic averaging of the
product of two functions is given by

CAN WE NEGLECT SOME OF THE FLUCTUATION TERMS?

Applying the averaging procedure to the continuity equation
Eq. (1) gives directly

The macroscopic averaging of Eq. (2) is more problematic as it leads
to many terms, some of them including fluctuations.
Using of the fact that the potential
is describing the electronnuclei potential (
) and the driving laser-field, we obtain the
exact equation of motion for the total current
Lorentz force

In order to understand if we can neglect some of the fluctuation terms, we
consider the ideal situation of a perfect crystal (
), under a
uniform laser.
In this case, the equation of motion of the current reduces to

Number of electron in the
averaging volume

Responsible for HHG in
perfect bulk materials4

We obtain that some of the fluctuation terms are negligible, whereas some of
them leads to important physical effects.
One obtains also that neglecting the fluctuation terms here is equivalent to
assuming a jellium model, i.e.,
.

Fluctuation terms

CONCLUSIONS
♦ We derived an exact quantum fluid description of coupled light-matter
systems
♦ Macroscopic fluid equations contain microscopic fluctuations.
♦ Some fluctuation terms can be neglected, but some of them lead to
important physical effects.
♦ New framework to analyse approximation in continuum modeling
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Importantly, most of the fluctuation terms can be neglected in some ideal cases
whereas some of them are vital for describing correctly the physics.
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