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RADIATION FROM THE CHARGE EXCHANGE OF HEAVY IONS IN MA’MZR 
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A classical model for the calculation of the radiation due to heavy ion charge exchange in matter is proposed. The calculations 

were made for protons with energies of 10 to 500 keV in solid and gas targets, with atomic number, Z, = 7. 

The calculations have shown that the maximum of the spectrum corresponds to the frequency Y = t+,/(l/n,a, + l/n,& where or, 

is the proton velocity, no is the target density, ec and e, are the electron capture and loss cross sections respectively. 

In the passage of ion beams through solid and gase- 
ous media, the density of the charged-particle current is 
changed repeatedly by electron capture and loss which 
must result in electromagnetic radiation; see fig. 1. The 

charged particle, for example, a proton, moving at a 
velocity up in the condensed matter, captures an electron 
from the atom at a point X, and gets neutralized. As a 
consequence, the electric current vanishes. At a point 

X,, the proton loses an electron, which comes to rest. 
And so the electric current of the proton appears again. 
The electron capture and loss by a proton in a medium 
is a multiple process. For example, as the proton at the 
initial energy, E,, of 100 keV comes to rest in nitrogen 
Z, = 7, the particle charge is changed nearly 1500 times. 

The intensity and spectrum of the radiation can be 
calculated by formulae [l], where the electric field is 

E(t)= .s sin8 aj - 
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where t’ = t - R/c, t = x/up, X coordinate of a moving 

ion, R is the distance from the point of observation, 0 
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Fig. 1. Electron loss and capture by a proton in the passage 

through a medium. 

the angle between the direction of observation and ion 
motion, j the density of the current resulting from the 
charged particle motion, ur, the ion velocity, and n the 
unit vector of E(t). 

In our case, j (t) appears as a sequence of rectangu- 
lar pulses; see fig. 1. Then the Fourier component of the 
electric field E(t) is 
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Here, t,,, is the time of “switching on” and “off” of the 
current. The number of photons at a frequency w per 
unit time per unit frequency and per unit solid angle is: 

N(w)=&E(o)E*(w). 
The equation holds if the free path of the proton is in 
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Fig. 2. The calculated spectrum of the radiation arising in the 

passage of protons through a gaseous medium, T-target length. 
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II. CHANNELING RADIATION 



Fig. 3. The calculated radiation spectrum: (a) for the case 

without proton energy loss in the film and (b) when the proton 

comes to rest in the film [3], no = 1O23 atoms/cm3. 

excess of the size of the region of interactions between 
the protons and the target atom. 

The spectra arising in the passage of protons with an 
energy of 20 to 500 keV through gases and solid dielec- 
trics with 2, = 7 have been computed. It was taken into 
account that the random character of electron capture 
and loss affects strongly the radiation spectrum. For 
example, the statistical uncertainty in the range data for 
protons with I,, and without, I,, an electron is in accor- 
dance to the distribution 

where 
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are the corresponding mean values of I, and I, and n, is 
the target density and a, and u, are the electron capture 
and loss cross sections, respectively. 

In the calculations, the “switching on” and “off” of 
the current was assumed to be instantaneous. 

The calculated spectrum of the radiation arising in 
the passage of protons through the gaseous medium 
with a density of 5 X 1016 atoms/c&, fig. 2 is within 

the SHF frequency band. The radiation has a broad 

Fig. 4. Absolute cross section for the radiation in a solid film 

versus proton energy, 0 = 90”. P = 2.4 X lOI Hz. 

maximum at a frequency of Y = 29r,/w = lo9 Hz which 
corresponds to the average rate of change in the current 
arising from the proton motion V = u,,/(l/n,a, + 1,’ 

np,). The values of a, and u, are taken from ref. [2]. 
Thus, the radiation spectrum provides direct informa- 
tion about the ion charge exchange in a medium. 

The radiation spectrum for protons with an energy 
of 30 to 500 keV passing through thin dielectric films 
with a density no = 1O23 atoms/cm3, fig. 3, shifts to the 

visible part of the spectrum, the local maximum of the 
radiation being observed; likewise in the passage of 
protons through the gaseous medium, at an average rate 
of change in the currentj. A large number of photons at 
Y = 0, figs. 2 and 3, contribute weakly to the total 
energy of the radiation and make up - 10e7 of its 
magnitude. 

The absolute cross section for the radiation in a solid 
film versus proton energy E, at the maximum radiation 
intensity v = 2.4 X 1015 Hz, is given in fig. 4. 

From the analysis of the calculations it follows that 
the passage of a charged particle through solid and 
gaseous media is accompanied by electromagnetic radia- 
tion whose spectrum provides information about the 
charge exchange process inside the target and is useful 
in estimating the cross sections for the corresponding 
charge exchange processes. 
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