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Don’t look! Don’t ask! Don’t tell! 
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We have experiments resolved in real time 

Phenomena directly related to the quantum phase 

Don’t talk, don’t tell??? 

Only measures of “observables” 

… but the quantum phase is NOT an observable!! 

We have an excellent theory (QM) that gives us “good” numbers 

Let’s try to find a practical tool to deal with the phase!! 



Don’t talk, don’t tell??? 

WARNING!! 

I won’t talk, I won’t tell anything about the Mathematics 

and numerics involved in the simulations that will be 

shown … but you are free to ask!! 



Applications of Bohmian mechanics 

Outlook of this talk 

Bohmian mechanics and quantum hydrodynamics 

“Light” trajectories 

Concluding remarks 

Dissipative Bohmian dynamics 

What do I mean by Bohmian mechanics? 

Some matter-wave (related) outcomes  
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Particle distributions behave as waves … 

(Born’s statistical interpretation of quantum mechanics) 

… but individual particles behave as individual point-like particles! 

Juffmann et al., Nat. Nano. 7, 297 (2012) 



Don’t talk, don’t tell??? 

  QUANTUM PROBABILITY DENSITY 

? QUANTUM PROBABILITY CURRENT DENSITY 

Particle distributions behave as waves … 

(Born’s statistical interpretation of quantum mechanics) 

Juffmann et al., Nat. Nano. 7, 297 (2012) 



What’s Bohmian mechanics? 



What’s Bohmian mechanics? 



What’s Bohmian mechanics? 

Physical system 



Bohmian mechanics … 



… the pilot wave … 



… and quantum hydrodynamics 

Physical system Quantum hydrodynamics 



Hydrodynamics: streamlines and tracer particles 

Universe as a fluid – galaxies, stars, etc. 

gas - smoke 

liquid 
other liquids (e.g., ink) 

tinny floating particles (e.g., pollen, charcoal) 

Continuum media: hydrodynamics 



Hydrodynamic approaches in the literature 

J. Chem. Phys. 51, 1253 (1969) 
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Int. J. Quantum Chem. 111, 356 (2011) 



Hydrodynamic approaches in the literature 

Optik 9, 174 (1952) 

Math. Ann. 47, 317 (1896) 
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Hydrodynamic approaches in the literature 

J. Acoust. Soc. Am. 78, 758 (1985) 



Hydrodynamics: streamlines and tracer particles 

Bohmian particles are the quantum equivalent of classical tracer particles 

A Bohmian particle is a particle that obeys a Bohmian dynamics, 

i.e., according to a (local) average drift momentum, which provides 

the particle with nonlocal (global) hydrodynamic-like information 
 

Such a particle allows us to infer dynamical properties of the 

quantum fluid, which are usually “hidden” when studied by means 

of the wave function formulation 

Do real quantum particles move along Bohmian trajectories? 



On the representations of quantum mechanics 

Schrödinger’s wave mechanics 

Heisenberg’s (matrix) quantum mechanics 

Dirac’s (interaction) representation 

Feynman’s path integral representation 

Madelung-Bohm (quantum fluid dynamics) representation 

(Bohmian mechanics) 

Wigner-Moyal (phase space) representation 



What’s going on in the quantum world? 



Interference and non-crossing 

Chem. Phys. Lett. 445, 350 (2007); J. Phys. A 41, 435303 (2008); Am. J. Phys. 80, 525 (2012) 

Quantum phase effects and quantum dynamics 



J. Phys. A 41, 435303 (2008) 

Quantum phase effects and quantum dynamics 



Bohmian statistics and standard quantum mechanics 

Pérez-Ríos & AS (in preparation) 



Dissipative Bohmian dynamics 

arXiv:1306.6607 

classical context 

quantum context 
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accelerated motion 
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oscillatory motion 

arXiv:1306.6607 
Garashchuk, Dixit, Gu & Mazzuca, J. Chem. Phys.. 138, 054107 (2013) 
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Phys. Rev. A 48, 1808 (1993) 
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oscillatory motion 

arXiv:1306.6607 

Phys. Rev. A 48, 1808 (1993) 

Lorenzen, da Ponte & Moussa, Phys. Rev. A 80, 032101 (2009) 
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interference in free space 

vibrational interference 
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Dissipative Bohmian dynamics 



interference in free space 

vibrational interference 

Lorenzen, da Ponte & Moussa, Phys. Rev. A 80, 032101 (2009) arXiv:1306.6607 

Dissipative Bohmian dynamics 
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“Light” trajectories (Bohmian electrodynamics?) 

Phys. Scr. T153, 014015 (2013); Europhys. News 44(6), 36 (2013) 



N = 1 

N = 2 

N = 3 

N = 10 

N = 50 

J. Phys.: Condens. Matter 14, 6109 (2002), J. Chem. Phys. 126, 234106 (2007) 
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Some matter-wave (related) outcomes 

Wheeler, The past and the delayed-choice double-slit experiment, in Mathematical Foundations of Quantum 

Theory, Marlow (Ed.) (Academic Press, New York, 1978) 

Hiley & Callaghan, Phys. Scr. 74, 336 (2006) 

Cassinello & Sánchez-Gómez, La Realidad Cuántica (Crítica, Barcelona, 2013) 
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To conclude … 

Rather than an alternative interpretation TO, Bohmian mechanics seems to 

constitute al anternative representation OF quantum mechanics 

This representation stresses the role of the quantum phase, which can be 

monitored by means of weak measures 

Bohmian trajectories help us to understand and analyze the flow of 

quantum phase in quantum systems 

The same “philosophy” can be (has been) transferred to other fields of 

physics with similar purposes 



To conclude … 

Rather than an alternative interpretation TO, Bohmian mechanics seems to 

constitute al anternative representation OF quantum mechanics 

This representation stresses the role of the quantum phase, which can be 

monitored by means of weak measures 

Bohmian trajectories help us to understand and analyze the flow of 

quantum phase in quantum systems 

The same “philosophy” can be (has been) transferred to other fields of 

physics with similar purposes 

Interesting (practical) analytical and computational working tool in many 

degree-of-freedom (= many-body) problems 

Suitable candidate to “explore” how quantum dynamics emerges from a 

non-equilibrium particle dynamics 



In the end of the day … we need a working model 
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