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Example: EM radiation 

An open quantum system is a quantum system which 
is found to be in interaction with an external quantum 
system, the environment. The open quantum system 
can be viewed as a distinguished part of a larger 
closed quantum system, the other part being the 
environment. 

Wikipedia: 

INTERDISCIPLINARY 
Small quantum systems, whose properties 
are profoundly affected by environment, 
i.e., continuum of scattering and decay 
channels, are intensely studied in various 
fields of physics: nuclear physics, atomic 
and molecular physics, nanoscience, 
quantum optics, etc. 

http://www.phy.ornl.gov/theory/MBOQS/Manifesto_09.html 



For the description of a decay, we demand that far from the force center there be 
only the outgoing wave. The macroscopic equation of decay is 
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N is a number of radioactive nuclei, i.e., number of particles inside of sphere r=R: 
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Quasistationary States 
(alpha decay) 



We should thus seek a solution of the form 
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relation between decay width 
and decay probability 

J.J. Thompson, 1884 
G. Gamow, 1928 
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The time dependent equation 

can be reduced by the above substitution to the stationary equation �
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takes care of the discrete complex values of E 
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In principle, resonances and decaying particles are different entities. Usually, 
resonance refers to the energy distribution of the outgoing particles in a scattering 
process, and it is characterized by its energy and width. A decaying state is 
described in a time dependent setting by its energy and lifetime. Both concepts are 
related by: 

This relation has been checked in  
numerous precision experiments. 

U. Volz et al., Phys. Rev. Lett 76, 2862(1996) 

See more discussion in 
R. de la Madrid,  
Nucl. Phys. A812, 13 (2008) 
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i∂ψ
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= ˆ H ψ

Time Dependent (many body) Schödinger Equation 
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ˆ H ψ = Eψ

Basic Equations 

Time Independent (many body) Schödinger Equation 

Box boundary conditions (w.f. vanishes at large distances) 
Decaying boundary conditions  
Incoming or capturing boundary conditions  
Scattering boundary conditions  
 
Absorbing  boundary conditions  

+ boundary conditions  

choice 
depends 
on 
physics 
case 

Often impractical/impossible to solve but an excellent starting point  



  

€ 

T1/ 2 = ln2 !
Γ
, ! = 6.58 ⋅10−22 MeV ⋅ sec

Can one calculate Γ with sufficient accuracy using TDSE? 

Ts. p. ≈ 3⋅10
−22 sec = 3babysec

For very narrow resonances, explicit time 
propagation impossible! 

A comment on the time scale… 

238U:   T1/2=1016 years 
256Fm: T1/2=3 hours 
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= ˆ H ψ TDSE 


