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Free wave packet density matrix 
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The falling of wave packet on film 
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The projectile is moving in a solid  
Basic equations 

potential-operator of the electric field, created by quasi-particles 
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Parts of the wave field find only in a state of mutual coherence, 
manifest itself as a single unit in all interactions with the surrounding 
matter. In the result we can obtain a drastic difference between the initial 
size of the particle’s wave field δ in comparison to the coherence length, 
lc<<δ .  

Note, this discrepancy seems similar for quantum mechanical 
treatment of such famous problem as a reduction of wave function of the 
particle interacted with the system of displaced detectors. In the each of 
this cases the Nature elects the one outcome among a number of 
equivalent outcomes randomly. We could consider that the main cause 
of this result follows from the existence of quantum fluctuations in the 
total system particle +  environment.  

This assumption has the more physically obvious example when we 
obtain the randomly arisen magnetic moment in the spherically 
symmetric ferromagnetic at lowering its temperature down the Curie 
point.  

Basic considerations 
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Using the above arguments suppose that after the 
penetration in the bulk of a solid target the projectile 
appears in one of spatially localized states having the 
short coherence length lc  with the central mean point 
found in one of infinitely large number of positions 
predicted by the initial size of the wave packet.  

The projectile having the coherence length   which size 
less than the interatomic distance in the solid can produce 
the wake potential polarization well of such a size that can 
capture the projectile in the same quantum-mechanical 
coupling state.  
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In homogeneous medium broadening  

of the wave packet simple approximation	
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Packet width evolution at the quadratic 
decomposition of  the phase 
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 The calculations of density matrix evolution 
during the passage of the projectile in the bulk of 
a solid show two different mechanisms which 
leads to the spatial localization:  
 
1)  the possibility to forming the sufficiently 

strong polarization field, and   

2)  the destructing of phase correlations between 
spatially remote parts of the projectile’s wave 
field. At the beginning of the interaction 
between the projectile and the solid the 
second factor seems more important. 
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A	polarization	field	approximation	
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where	the	nonlinearity	and	the	retardation		

	are	the	feedback	effect	of	the	localized	projectile		

on	the	environment.	

Solutions	to	this	equation	show	the	existent	of	more	

Than	one	coupling	state	of	the	projectile	in	the	own	

polarization	field	(polaron	effect)	
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More correct calculation of the  
density matrix within the modified PT 
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integration over  yz  should be estimated with the help of  
the saddle-point method 
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Model calculation: 
Simple one-mode polarization properties of a medium.   
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saddle-point method 
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wave	packet	evoluGon	in	the	target	
and	beyond	

t0=300 

 
               

 
    

The localization phenomenon is seen (t=100). 
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All for t=200
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			Thank		you	for	the	aOenGon	
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