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Interactions begin at t =t
* Fort<t, each partisfree

* Canonical quantization (Heisenberg
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plto) :® Palto) ®
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Interactions begin at t =t
* Fort<t, each partisfree

* Canonical quantization (Heisenberg
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Interactions begin at t =t
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* Canonical quantization (Heisenberg
mnw%q%,x(t)> - 47”72/1nQn,x<t>rx(t> equations)
n * Composite Hilbert space: H=H, @ Hy @ Hy

~

* Uncorrelated initial state:
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Interactions begin at t =t
* Fort<t, each partisfree

* Canonical quantization (Heisenberg
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Each part of the system with undamped dynamics contribute
Non-thermal initial states can be considered for each part,
defined at the initial time, when all the parts are not interacting



Expectation values of T,
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Two plates configuration

Initial scenario:
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Two plates configuration

Initial scenario:
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Two plates configuration

Initial scenario: Steady situation:
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Casimir force

Fo = (TEe) g — (ToSoo)Int (T B0y nt

Il
o

el II

Lifshitz
NO Eq, Finite
dissipation £0 0 Non-Eq.

#
Non-Eq 0 Finite




Casimir force

NO

AN

Lifshitz

Eq. Finite

0 0 Non-E
# on-Eq.

Non-Eq #0 Finite
*0 £0 | Lifshitz

Eq.
0

20 £0 N.on-I.Eq.
Non-Eq Lifshitz

Fo =

(Toa™)o —

(T1Co)

Int
o]

—(TB)

Int
B




Casimir force
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Casimir force

At which scale the force for is approximately the infinite-thickness value?

What means “infinite-thickness” in an experiment?
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Heat flux: Some cases
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Heat flux: Some cases
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Heat flux: Some cases
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Heat flux: Some cases

For which situations, Q;qra, is Landauer-like? Qe = <S§°> = —<T§8> = Q% (a,dy,, dr, By 1., Bsr) + Q5 (a,dy, dr, BB L, BB.R)

Qc m
DETNESEN <0 | 0| o

0 0 #0 (L)

0 0 #0 (L)




Heat flux: Some cases
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Heat flux: Some cases
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Heat flux: Some cases

For which situations, Q;qra, is Landauer-like? Qe = <S§°> = —<T§8> = Q% (a,dy,, dr, By 1., Bsr) + Q5 (a,dy, dr, BB L, BB.R)
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Heat flux: Numerics

Identical plates:

* Same (dissipative) material
* Same thickness d

2 “THERMAL SIDES”
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Normalized heat contributions
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Heat flux: Numerics

Identical plates:

* Same (dissipative) material
* Same thickness d

2 “THERMAL SIDES”
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Heat flux: Numerics

Identical plates:

* Same (dissipative) material
* Same thickness d

2 “THERMAL SIDES”
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Heat flux: Numerics

Identical plates:

Same (dissipative) material

Same thickness d

2 “THERMAL SIDES”
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Heat flux: Numerics

Identical plates:

Same (dissipative) material
Same thickness d

2 “THERMAL SIDES”
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Heat flux: Numerics

Identical plates:

* Same (dissipative) material
* Same thickness d

2 “THERMAL SIDES”
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Total Heat Q/Q(d - 0)

Heat flux: Numerics

Identical plates:
* Same (dissipative) material
* Same thickness d

* Crossed fluxes Qc<0<Q

Qc>0>Q
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0 flux between the plates in NON-Eq. scenario



Conclusions

* We developed a full first-principles quantum approach based on a canonical guantization and open
guantum systems frameworks.

 We deduced the steady situation and describe the physics of each contribution to the field operator.

* We applied for the two finite width plates and studied the Casimir forces and heat fluxes in different non-
equilibrium scenarios.

* For the force, we reproduced all the known-results, giving also a consistent way to reobtain the non-
equilibrium half-spaces result as a limiting case of the non-equilibrium finite width case.

* For the heat flux, we showed that Landauer formula is obtained in different situations but it is not valid in
every situation in the two plates configuration.

 We showed that the scales of convergence of the force and the heat flux as functions of the thickness are
different.

* For the “two thermal sides” scenario, we showed that a minimum in the heat flux exists, which could result
in an attenuation of 60% for some materials.

 We showed that 0 heat flux between the plates can be obtained also in non-equilibrium scenarios.
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