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transition is one that changes the crystal lattice. 
The appearance of an additional peak in the region 
of small angles, compared with [i3J, indicates that 
a oxygen is antiferromagnetic. 

I am deeply grateful to Academician P. L. 
Kapitza for continuous interest and attention to the 
work. I thank A. S. Borovik-Romanov and I. E. 
Dzyaloshinski1 for a useful discussion. 
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IN connection with phenomena in plasma, it is im­
portant at present to study the excitation and ioni­
zation of ions in collisions with electrons. These 
processes have been theoretically treated in sev­
eral papers, but there is merely one investiga­
tion[!] devoted to an experimental study of the 
ionization of He+ ions by electrons. 

We studied experimentally the ionization of 
singly-charged ions Hg+, xe+, Kr+, Ar+, Ne+ and 
the doubly charged ions Hg2+, Xe2+, Kr2+. The 
method of crossing electron and ion beams was 
used. The investigation was made with a double 
mass spectrometer [2] in which the collision cham­
ber, located between two magnetic mass analyzers, 
was replaced by an electron gun. The electron 
current was varied from 1 to 20 mA, and the elec­
tron energy E2 was varied from 10 to 500 eV. The 
ions were accelerated to 2800 eV. The energy E1 of 
the electrons ionizing the gas in the ion source was 
varied from 10 to 180 eV. The working pressure 
in the ion source was approximately 5 x 10-5 mm 
Hg and in all other parts of the mass spectrometer 
it was ( 1-3) x 10-6 mm Hg. The background 
pressure was 5 x 10-8-3 x 10-7 mm Hg. 

The figure shows the relative cross sections of 
the different degrees of ionization of Hg+, Xe+, 
Kr+, as a function on the electron energy E 2•1> It 
can be seen that they are similar to the ionization 
curves of neutral atoms [3,4]. As follows from the 
figure, the yield curves for differently charged ions 
become approximately the same for energies E2 

:::: 3Ei, where Ei is the potential for the appearance 
of the next ion. The curves for the yield of Xe2+ 
and Kr2+ are quite similar, but differ from the 

Relative cross sections for the ionization of ions as func­
tions of energy E2 of the electrons: a- ionization of Hg + 
(E 1 = 160 eV), b- ionization of Xe+ (E 1 = 160 eV), c- ioniza­

tion Kr+ (E 1 = 90 eV). The numbers on the curves denote the 
coefficients by which the corresponding cross sections have 
been increased. Unity corresponds to the cross section for 
the production of doubly-charged ions at the maximum. 
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corresponding curve for Hg2+. However, the rela­
tive yields of differently charged ions are closer in 
case of Xe+ and Hg+ than for Kr+. Starting with 
the production of triply charged ions, the ionization 
cross sections for large E 2 decrease by a factor 
of approximately 4-5 with detachment of each 
succeeding electron from the singly-charged ion. 
The curves have been plotted with account of the 
background observed for masses corresponding to 
the detachment of one electron with the electron 
gun turned off, amounting to approximately 10-15 
percent of the peak produced by the ionization of 
the ions with the electrons at E 2 = 250 eV. 

The cross sections for single ionization of 
singly-charged ions increase sharply when the 
energy E1 of the electrons in the ion source is 
increased by 15 eV starting with 1-3 eV above 
the potential for the appearance of the correspond­
ing doubly-charged ions. These results lead to the 
assumption that the ion beam contains several 
groups of ions with large metastable excitation. 
Such ions can appear as a result of the ionization 
of the atoms from the internal orbits. A value of 
- 10-15 cm2 for the effective cross section of single 
ionization of Kr+ at the maximum of the ionization 
curve, estimated in our experiments accurate to 
within a factor of 1.5, is therefore not unexpected. 
The cross section for the production of doubly 
charged ions upon ionization of singly charged ions 
is 5-10 times larger than for ionization of the cor­
responding atoms. The cross sections for the pro­
duction of ions of equal charge multiplicity but more 
than doubly charged, by collision between high­
energy electrons and Hg+, xe+, and Kr+ ions agree 
with those obtained by collision with the correspond­
ing atoms, accurate to within a factor of 1.5-2. 

We present the relative effective cross sections 
<rmax for single ionization of different ions in the 
region of the maximum for the ions investigated by 
us (the energy E 1 of the electrons was 150 eV): 

Hg+ 

crmax: 1.0 

Xe+ 

1.4 

Kr+ 

1.8 

Ar+ 

0.3 

:\e+ Hgu 

11.1 1.:; 1.:> 0.4 

The error in the determination of the relative 
cross sections is ± 30 percent, with the exception 
of the ionization Ar+ and Ne +, for which the er­
ror can reach± 50 percent. It is seen from these 
data that in the case of ionization of ions with 
many electrons the value of the effective cross 
section for single ionization depends little on the 
charge multiplicity of the initial ion. The cross 
section for the ionization of singly charged ions 
is larger for ions with a large number of electrons. 

We are grateful to Prof. N. N. Tunitskil for a 
discussion of the results. 

!)Smooth curves have been drawn through the experimental 
points although in some cases kinks can be seen, for ex­
ample for the production of Hg>+ ions with E2 "' 60 eV. 
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KINETIC instability of a plasma occurs when the 
higher-energy levels are more probable. For the 
Cerenkov and cyclotron buildup of the field oscil­
lations, inversion in the population of levels is ac­
tually necessary for the particles whose velocity 
is close to the field oscillation phase velocities. 
In the present paper we wish to indicate another 
possibility for the instability of plasma. This pos­
sibility is also connected with inversion in popula­
tion of the particle levels, but for velocities which 
can differ substantially from the phase velocities 
of the field oscillations. 

As is well known, the rate of change in the num­
ber of quanta Nk, caused by their scattering on the 
particles, is given by the formula: 

dNk . 
-dl = 2nn ~ IV (k, I) [2 {[(Nk + 1)f (p + nq) (1- f (p)) 

/, p 

X N1Nk (N1 + 1) f (p) (1- f (p + nq))l 

X 6 (Ep+llq- £p- nwk + 1iwt) + [(Nk + 1) (Nt -! 1) 

X f (p -) nq') (1- f (p))- NkNd (p) (1- f (p + nq'))] 

X 6 (Ev+llq' -Ep- nwk- nw1)}, (1) 


