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BETHE-BLOCH  FORMULA
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 – particle’s Lorentz-factor

p – plasma frequency

I – mean ionization potential

We consider ionization loss with the momentum 

transfer less than       (the collisions with impact 
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FERMI  FORMULA
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The influence of medium polarization 

on the particle’s field:

Ionization energy loss:
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Screening of the field for:
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THIN  LAYER  OF  SUBSTANCE

Bethe-Bloch and Fermi formulae are valid in boundless homogeneous substance
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Total absence of the density effect in 

thin plates:

Particle energy loss:
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ELECTRON’S  FIELD  INSIDE  THIN  PLATE
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 2/ pIa  absorption length

I – mean ionization potential

On distances

from the interface additional

ionization is made by

transition radiation and the

total field around the electron

is similar to its field in vacuum

2/ pIz 



EVOLUTION  OF  THE  FIELD  AROUND  THE  

ELECTRON  IN  VACUUM  AT  ULTRA  HIGH  

ENERGIES
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STRUCTURE  OF  THE  FIELD  IN  VACUUM
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oscillator by external field:
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Total ionization per unit path:

IONIZATION  OF  SUBSTANCE  BY  EXTERNAL  

FIELD
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p – plasma frequency of the plate
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IONIZATION  LOSS  OF  ‘HALF-BARE’  ELECTRON

I – mean ionization potential

1z – plate coordinate
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IONIZATION  ENERGY  LOSS  

OF  ‘HALF-BARE’  ELECTRON 

(from Fermi to Bethe-Bloch formula)
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Possibility of observation of this 

effect in CERN



PAIR  IONIZATION  LOSS  IN  THIN  PLATE 
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CHUDAKOV  EFFECT

For                       (which is for                ):

strong suppression of ionization energy losses 

due to destructive interference of electron’s 

and positron’s fields  
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Dependence of pair ionization loss on 

distance from pair creation point:



PAIR  IONIZATION  LOSS  IN  THIN  PLATE 
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CONCLUSIONS

Modification of the result of Garibian for high-energy

particle ionization loss in thin plate in the case when the

incident particle has nonequilibrium field

 Gradual change of particle ionization loss in the plate from

Fermi to Bethe-Bloch mode (supplemented by additional

ionization by transition radiation) with the increase of distance

between the plate and the substance

Modification of Chudakov effect in the case of electron-

positron pair energy loss in thin plate
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