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i- Computation of the dynamical vdW forces

Why dynamical?

1. Finite life-times ~ 1/

A,

2. Periodic excitation transfer with probability ~ 
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i- Computation of the dynamical vdW forces – Time-dependent pert. Th.

Wave-function formalism in the Schrödinger picture

M. Donaire PSAS2016



  

Wave-function formalism in the Schrödinger picture

i- Computation of the dynamical vdW forces – Time-dependent pert. Th.

M. Donaire PSAS2016



  

Wave-function formalism in the Schrödinger picture
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Van der Waals force and potential on atom A

Idem for atom B, vdW potential on atom B

i- Computation of the dynamical vdW forces 



  

+

A
+

 

A
- 

A
+

 

B
-

 

B
-

 

B
+

 

R 

A B

+

A
+

 

A
+

 

A
- 

B
-

 

B
-

 

B
+

 

A
+

 

A
+

 

A
- 

B
-

 

B
-

 

B
+

 

two doubly-resonant photons two simply-resonant photons

no resonant photons

one doubly-resonant photons

0

0

T

T

T

T

0

0

B
-
 

B
+
 

B
-
 

A
+

 

A
+
 

A
-
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2. resonant photons mediate the transfer of the excitation between the atoms, 
    and 'may' carry momentum off the two-atom system–see later– 

1.&2. => Only diagrams with resonant photons may lead to action-reaction violation 

1. Non-resonant photons  mediate the reciprocal exchange of momentum between the atoms, 
    and generate the usual London and Casimir-Polder forces, 

                     

i- Computation of the dynamical vdW forces

Relevant diagrams for action-reaction violation 

 whereas
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i- Computation of the dynamical vdW forces

Rotating wave (rw) diagram 
 

Counter-rotating (cr) diagram
 

3. Under realistic conditions (adiabatic excitation), only the following diagrams survive
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Relevant diagrams for action-reaction violation 
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i- Computation of the dynamical vdW forces

Rotating wave (rw) diagram 
 

Counter-rotating (cr) diagram
 

Quasiresonant approximation ~Rotating wave approximation  

M. Donaire PSAS2016



+
T

T

00

0 0

-∞ -∞-∞ -∞

-∞ -∞

RBWB

∆

-

RBWB
∆

-

M. Donaire PSAS2016



i- Computation of the dynamical vdW forces

M. Donaire PSAS2016



  

00

0 0

+T

T

RAWA

∆

-

∆

-

RAWA

∆

-

∆

-

i- Computation of the dynamical vdW forces

M. Donaire PSAS2016



  

00

0 0

00

0 0

+T

T

RAWA

∆

-

∆

-

RAWA

∆

-

∆

- +
T

T

RBWB

∆

-

RBWB

∆

-

i- Computation of the dynamical vdW forces

M. Donaire, 
Phys. Rev. A93, 052706 (2016)

M. Donaire PSAS2016



  

M. Donaire PSAS2016

A
+

 

A
- 

A
+ 

B
-

 

B
- 

B
+
 

A
+

 

A
- 

A
+ 

B
-

 

B
- 

B
+
 

adiabatic excitation, 

-∞ -∞

-∞ -∞ -∞ -∞

-∞ -∞

+T

T

RAWA

∆

-

∆

-

RAWA

∆

-

∆

- +
T

T

RBWB

∆

-

RBWB

∆

-

i- Computation of the dynamical vdW forces

M. Donaire, 
Phys. Rev. A93, 052706 (2016)



  

A B

+
RAWA

∆
A B

RBWB

∆

δU(1)†
rw

δU(2)
rw

δU(3)
rw

U†
0

-

-

+
RAWA

∆
RBWB

∆

δU(2)†
rw

δU(1)
rw

U0

δU(3)†
rw

-

-

+

RAWA

δU(3)
cr

U†
0

RAWA

U0

δU(3)†
cr

∆

-

∆

-

+

RBWB

∆

δU(1)†
cr

δU(2)
cr

+
RBWB

∆

δU(2)†
cr

δU(1)
cr

+
-

-

=> Violation of action-reaction: Q2. Where momentum goes?

Q1. Why the rhs is non-zero?

Rotating wave Counter-rotating

i- Computation of the dynamical vdW forces
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ii- Violation of action-reaction. Q2. Where does the momentum go?
A2. ….. to the EM vacuum (total momentum conservation)

Time-variation of vacuum momentum = - Total force on the system
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ii- Violation of action-reaction. Q1. Why does vacuum momentum not vanish?

A1. ….Optical theorem on 'will-be' emitted photons (conservation of total emission probability)

≠ 0 => non-invariant under k → -k
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scattering off B
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ii- Violation of action-reaction. Q1. Why does vacuum momentum not vanish?

rw



Optical theorem on 'will-be' emitted photons

Asymmetry => directional emission

One-photon emission probability
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ii- Violation of action-reaction. Q1. Why does vacuum momentum not vanish?
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Action-reaction violation <=> Directional spontaneous emission 
Experimental detection
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ii- Violation of action-reaction. Directional spontaneous emission

Rubidium atom excited at 5P1/2 at a distance R from a potassium atom in its ground state



  

Conclusions

. Violation of the action-reaction principles occurs in a two-atom system, with one atom excited. 

common to 
any QFT  => 

 1) Total momentum conservation

 2) The optical theorem in asymmetrically   
     excited system  <=  unitarity + locality 

}

. It implies i) the transfer of momentum to the EM vacuum and  ii) directional spontaneous emission, 
  which are the result of, respectively, 

 Conjecture: action-reaction violation 
 holds in any asymmetrically excited system
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