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Plan

• Diffusion theory vs Monte Carlo simulations
 

• Diffusion equation and dechanneling    
  length introduction

• Old diffusion  theory restrictions and their   
  overcoming. Channleing definition

• New diffusion equation, its solution and   
  dechanneling length values

•  Sone peculiarities of dechanneling process
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Can (improved) 
diffusion theory 

say more?



– dechanneling  length

is determined by doubly 
averaged behavior 
described better 

by diffusion theory  



Diffusion theory can also give 
considerable  “economy”
when ldech > 1÷10 meters  



Dechanneling length introduction 
in diffusion theory 



Diffusion equation and distribution 
function in transverse energy
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The approximations



The boundary condition, equation solution
 and  dechanneling length introduction



Both transverse  coordinate  and  energy 
applicability regions are severely limited 

Nuclear dechanneling can not be touched upon at all



The predictions:



Further development by T. Waho





Diffusion theory application to high energy



Dechanneling length is introduced 
in the same way



Biryukov et al’s results



This old diffusion theory 

should be upgraded 

at high energies



The main new feature

is the     term consideration
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Both “catastrophic” single scattering 

and revised diffusion equation

should to be introduced 



a key technical point is 

specially determined integration limits



More intermediate values employing

specially determined integration limits



The integration limits use in  w  evaluation



Averaging over the channeling period



Reduction to canonical Sturm–Liouville form



           Eq.                                                 

coefficients’ behavior  



The boundary condition 
(what is channeling?)

boundary condition:
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Both  transverse  coordinate  and  energy 
applicability regions are drastically widened

Nuclear dechanneling can be readilly studied



400 GeV example
Dechanneling length evaluation precision

Potential
model

ldech, cm Δl1,% Δl2,%

Tobiyama 1 23.1 + 0.61 0

Tobiyama 0.5 22.9 +1.3 – 0.81

Tobiyama 2 23.2 + 0.30 + 0.37

DT 1 23.3 + 0.65 + 0.61

Moliere 1 21.4 + 0.61 – 7.255
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Eigen functions for n = 1, 10 and 100



Inverse eigen numbers



Diffusion equation solution &
dechanneling length strict introduction



Proton dechanneling lengths
at major collider energies

Dechanneling lengths uncertainly is about 
one percent and is more limited by 

potential evaluation precision

acc-r ε, GeV ldech
Δldech, % λ2/λ1 Nch0/ Ninc

SPS 400 23.1 cm 0.61 6.0 0.895

LHC 6500 3 m 3.6cm 0.34 5.7 0.895

FFC 105 39 m 36 cm 0.18 5.6 0.895



Some peculiarities 

of channeling fraction 

evolution from



Channeling probability vs crystal 
thickness for 400 GeV Si(110)

The formula − in red, approximation − in white



Channeling probability change rate vs 
crystal thickness for 400 GeV Si(110)

The formula − in red, approximation − in white



Channeling  fraction 

decreases  like  z1/3 in  the  

nuclear dechanneling region



Eigenvalue contributions are 
sign-changing!



A peculiarity of Pch z-dependence



Can the diffusion 

theory be applied to 

negatively charged particles?



Electron dechanneling lengths
and channeling fraction 

ε, GeV ldech
λ1/λ0 Δl1, % Nch0/ Ninc

1 6.0 μm 7.8 130 0.33

10 50 μm 6.9 78 0.39

100 0.44 mm 6.4 46 0.44

1000 3.8 mm 6.1 28.5 0.49

Both high dechanneling lengths uncertainly and 
high non-channeling fraction make this method 

ineffective for negatively charged particles



From the 
 

2012 year presentation:



Stochastic evolution of electron transverse energy

electron pass the highest half of under-barrier 
transverse energy region quite fast
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 Transverse energy asquires large 
dispersion at one channeling period
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Fokker-Planck equation has very limited applicability



Monte Carlo simulations 

are much more productive 

than the diffusuion theory 

in the case of negatively 

charged particles



Key simulation points: 

 Simulation of  incoherent scattering on 

          both nuclei and electrons
   

Separate simulation of single and multiple   

       scattering partly suppressed in crystals
   

Trajectory simulations in the most 
realistic potentials



Monte Carlo simulations is the best way to solve all the 
problems with negatively charged channeling particles
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MC simulations demonstrate the exponential 
behavior of both permanently and 

currently channeled electrons

a real challenge for a new theory



Conclusions
• Diffusion equation has been undated to   
     include large angle nuclear scattering
 

• Proton dechanneling lengths have been 
     evaluated with high precision
 

• Power-type proton dechanneling law has  
     been revealed
 

• Poor applicability of the diffusion equation  
     for negatively charged particles has 
     been demonstrated



Thank you for attention!
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