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BETHE-BLOCH FORMULA

Homogeneous infinite medium
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FERMI FORMULA
Homogeneous infinite medium

For y> 1/, i
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THIN LAYER OF SUBSTANCE

Bethe-Bloch and Fermi formulae are valid in boundless homogeneous substance
Garibian G.M.// JETP, 1959
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FIRST EXPERIMENT (Kharkov, 1963)
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Electron energy losses in thin films of polystyrene of
thicknesses 10°cm (a) and 2x107cm (0)

1 — theoretical curve without density effect

2 — theoretical curve with density effect

circles show the measurement results



ANALOGUE IN K-SHELL
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ELECTRON’S FIELD INSIDE THIN PLATE

On distances z < | /@]

from the interface additional
jonization is made by
transition radiation and the
total field around the electron
Is similar to its field in vacuum
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EVOLUTION OF THE FIELD AROUND THE
ELECTRON IN VACUUM AT ULTRA HIGH
ENERGIES

medium 4 p vacuum
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STRUCTURE OF THE FIELD IN VACUUM

Fourier component of the total field in vacuum ( y >>1, @ >> o,):
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(transition radiation) field
For z—>0:
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IONIZATION OF SUBSTANCE BY EXTERNAL
FIELD
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Energy transfer to a harmonic i
oscillator by external field:
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@, — oscillator’s own frequency

Total ionization per unit path:
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IONIZATION LOSS OF ‘HALF-BARE’ ELECTRON

Total ionization per unit path in the plate ( ¢, >> @, >> | l7):
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where:
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17, — plasma frequency of the plate Z, — 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 T= 10 meterd
effect in CERN .




PAIR IONIZATION LOSS IN THIN PLATE

medium  ap vacuum

13



CHUDAKOV EFFECT
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Dependence of pair ionization loss on
distance from pair creation point:

d&/dz For z< &/ma, (whichisfors<1l/m,):

| strong suppression of ionization energy losses
due to destructive interference of electron’s
and positron’s fields

& — pair energy




PAIR IONIZATION LOSS IN THIN PLATE

medium  ap vacuum

Z:O Z=Zl

> Interference influences on ionization loss on much larger distances z < £*/m°l
»Possibility of existence of effect opposite to the one of Chudakov

More detailed — in poster .



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
lonization 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



