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Talk Outline

• PART I.  Introduction to Quantum Dynamics

• PART II. The Quantum Adiabatic Theorem

• PART III. Dynamics for time-periodic systems



Quantum dynamics



Solutions for time-independent systems

Wavepackets



• Spectroscopy: Transitions between stationary 
energy levels of the molecular Hamiltonian.

• Dynamics: Control of the time evolution from 
an initial state to a target state (not necessarily 
a stationary state) with an external 
perturbation (i.e. a laser field).



Born Oppenheimer
approximation

https://youtu.be/ZFS1F
-3XVtk?t=3m15s

A BOA molecular Hamiltonian is the sum of a nuclear 
kinetic energy term, an electronic-energy term plus a 
term that takes into account nuclear-nuclear 
repulsions
                      H=KE+E(R)+V(R)
Terms containing derivatives of the electronic wave 
function with respect to nuclear coordinates have 
been neglected due to the small (me/MN) ratios.

Eigenstates of the BO electronic H: Adiabatic states

Electronic state that does not change character as a 
function of the nuclear coordinates: Diabatic states

https://youtu.be/ZFS1F-3XVtk?t=3m15s
https://youtu.be/ZFS1F-3XVtk?t=3m15s


Time-independent systems

Time-dependent systems 



Numerical methods to calculate U

• Monte Carlo. The amount of computer resources 
grow as polynomial functions of the system size: 
TRACTABLE PROBLEMS

• Look for suitable expansion of the propagator in 
polynomials: Chebyshev, Lanczos. Exponential 
growth: INTRACTABLE PROBLEMS



    Simulating the full time evolution, that is, 
calculating the U operator for arbitrary 
quantum systems in a classical computer is an 
INTRACTABLE PROBLEM

In 1982 Feynman pointed out



Some numbers

• The state of a system with 40 spin-1/2 particles requires 
storage of 1012 numbers. Its time evolution requires the 
exponentiation of a matrix containing 1024 entries (4TB). 

• The state of 80 particles requires 5x1012 Tbytes. 10 000 larger 
than the information stored by humankind as of 2007

• The calculation of the ground state of a single water molecule 
with enough precision to make predictions (0.1 Kcal/mol) 
barely can be done in current supercomputers



Quantum computers
• Hypothetical devices based on quantum physics that can 

outperform classical computers.

• In 2010 a Canadian company (D-Wave) announced the first 
commercial quantum computer.

• In 2013 Google and NASA bought a few D-Wave machines by 107 
US $ a piece.

• Critics argue: 1) it is not clear at all if the machine uses QM; 2) if it 
uses QM it is not clear whether it offers advantages over a classical 
computer. 



Message: Approximations are needed to 
calculate the time evolution of quantum systems

• Semiclassical approximations

• Adiabatic approximation

• Perturbative series expansions

• Combination of both to deal with special cases



Part II

The adiabatic theorem & applications 
to Molecular Orientation





Adiabatic theorem



GAP CONDITION



Quantitative conditions for practical problems

Under these conditions H(t) evolves SLOWLY ENOUGH
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Se controla:
Alineamiento  < cos2(q) > 
Orientación     < cos(q) > 

q : ángulo entre el eje molecular 
y el espacial

La orientación rompe la paridad 
y produce la mezcla de J par e 
impar para una molécula polar
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Métodos:
Fuerza bruta:
Campo estático (moléculas muy polares)
Pulso láser no resonante adiabático 
(estados pendulares – con o sin 
orientacion)

Pulso corto (recurrencias)

Estados cíclicos en un tren de 
pulsos (orientación y 
alineamiento de duración 
“ilimitada”)
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Control del alineamiento y orientación de una molécula aislada



Nonadiabatic

adiabatic



Fringe-field effects on the time evolution of molecular 
orientation



Orientation
Energy levels 



Part III. Systems periodic in time

• Experimental observation:  Selected atomic 
Rydberg states in polarized microwave fields 
are nondispersing

• Theoretical explanation: These nondispersing 
states are a subset of the eigenstates of the 
Floquet Hamiltonian



Floquet Theorem



H(t+T)=H(t)



 Cyclic states vs energy states.
 Phys. Rev. Lett. 073001 



Why do Floquet states conserve properties 
during their time evolution?

• The Floquet Hamiltonian and the time propagator are 
spectrally equivalent

• Floquet eigenstates projected into the standard Hilbert 
space are cyclic. A quantum system which initially is in a 
Floquet eigenstate will return at the end of each period of 
the periodic perturbation to the same state 

• If a given Floquet eigenstate is well aligned/oriented during 
a single pulse, it remains well aligned/oriented during a 
sequence of identical pulses



Work related to this talk
• Field-free alignment due to adiabaticity breakdown. With Bretislav Friedrich 

(Berlin)
• Conservation of alignment in IVR. With Brooks Pate (Virginia) and Jerry Fraser 

(NIST)
• Labeling of spectra for nonrigid molecules by diabatic following. With Jon 

Hougen (NIST)
• Spectra of Floquet operators. With Viktor Szalay and Attila Karpati (Budapest)
• Torsional alignment. With Laurent Coudert (Paris), and Luis Fernandez 

(Madrid)
• Transport in optical lattices. With Mirta Rodríguez (Barcelona), Julio Santos, 

Rafael Molina and Delia Fernández Torres (Madrid)
• Molecular orientation by single cycle pulses
• Tailored microwave pulses to create rotational coherent states
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