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Despite the considerable number of experimental works on the electron excita-
tion of helium, there are still no at all complete data on the absolute excitation
cross sections of its most important levels. In the present note some results are
set forth of systematic studies of the excitation of helium atoms in collisions
with slow electrons.

As was indicated earlier (1), in the case of excitation of some level of an atom
by a monoenergetic beam of electrons from the ground state, the stationarity
condition will be simplest, namely

) k—1
Q) (V)UN + Z Ajpni = ZAkink:v (1)
i=k+1 =0

where ny and n; are the concentrations of normal and excited atoms; v, N are
the velocity and concentration of monoenergetic electrons; @)}, is the excitation
cross section of the k-th level; A, is the probability of transitions ¢ — k. Since
in this case (?)

Lip = Aynihvy, (2)
putting
Lip/ngNvhvy, = Qy., (3)
we shall have
k—1 oo
Qp(v) = ; Qpi(v) — ;k;l Qix(v)- (4)
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This formula makes it possible to determine the excitation cross section of a
level if the excitation cross sections of the spectral transitions indicated in it
are measured. As experience shows (?), the excitation cross sections of lines of
any series fall off rather sharply with increasing n of the upper level. Therefore,
instead of the infinite sum of cascade transitions in expression (4), it is sufficient
to restrict oneself to the first few terms of the corresponding series. The presence
of proportionality between the transition probabilities and the excitation cross
sections of lines with a common upper level (4) also greatly reduces the number
of lines that must actually be measured. Thus, expression (4) can be adopted as
a working formula in the optical method for measuring excitation cross sections
of atomic levels.

As a result of experiments carried out under conditions in which expressions (1)
and (4) are valid, the excitation cross sections of 32 lines lying in the spectral
interval 2900—11000 A were measured directly in the range of electron ener-
gies from threshold values to 150-250 eV. In this case the width of the energy
spread in the beam did not exceed 0.8-1.2 eV. Taking into account data on the
polarization of helium spectral lines upon excit—

Fig. 1. Dependence of the excitation cross section of singlet (A) and triplet
(B) levels on the principal quantum number:
a —S levels, b —P levels, v —D levels

Fig. 2. Energy dependence of the excitation cross sections of the lower levels
of helium:
1—-2'pP;2-23pP: 3 -216:4-238:5 -3'D, 6 —32D

--electron-atom collisions. On the other hand, with their aid one can estimate
the excitation cross sections of the three remaining most important levels of
helium, namely: the resonance 2! P and the two metastable 21.S and 23S. In the
case of electron-impact excitation (5), from formula (4) the absolute excitation
cross sections were found for 4 to 7 lower S-, P- and D-levels of para- and
orthohelium (with the exception of the 2! P-, 215~ and 23S-levels).

The error in determining the cross sections for the various levels is 35-50%.

The necessary information for some of the measured levels is given in Table 1.
From the data obtained it follows, first of all, that the energy dependence of
the levels of 5 series, with the exception of the n3P levels, is characterized not
by one maximum (as follows, for example, from (6)), but by 2 maxima, one of
them being located near the threshold.
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Another significant result is the establishment of a definite regularity in the
behavior of the excitation cross sections of levels. As analysis has shown, all the
cross sections of the measured lower levels at the excitation maximum can be
represented by the formula

Qr(E) = Cn=*, ()

where n is the principal quantum number of the level; C' is a certain constant;
« is an integer exponent, which assumes different values depending on the other
quantum numbers S and L. This is clearly demonstrated by Fig. 1, on which,
on logarithmic scales, the level cross sections are plotted as functions of the
corresponding principal quantum numbers. From the figures it is seen that the
cross sections of the ' P-, ! D- and 3 D-levels lie well on straight lines with o = 3,
the cross sections of the 1S- and 3S-levels with o = 4, and the cross sections of
the 3 P-levels with a = 9.

The existence of such regularities, in any case for the lower levels, is evidently
of interest for the theory of electron-atom collisions.

The values of the cross sections of these levels, found from the graphs in Fig. 1,
are also indicated in Table 1.

It is known? that, for levels of one series, the excitation functions are similar.
On this basis, and on the basis of a number of other considerations, one can
predict

Table 1
Qnéax'
10 O, Qmax'
Eexc’ Emaxla Emaan CIH2 10207
A A eV eV eV (ground) Eoor Epuxts Epaxas cm?

(sin-  (sin- (sin- (sin-  (sin- A\, A Y% eV eV (ground)
Level glets) glets) glets) glets) glets) (triplet{¥riplet{triplettripletstriplets)

29 — 20,61 21,57 32— 450 — 19,62 20,67 26,07 610
357

35 7281 2292 236 32— 108 7005 22,72 236 265 120
35

4S 5048 23,66 24,3 32— 245 4713 2358 244 270 37
35

58 4438 24,01 24,9 33— 12,3 4121 2396 24,7 28,0 18
36

2P — 21,21 22,57 100 1500 10829 20,96 — 270 2200
110 10830
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Qmax'

1020’ Qmax'
Eexc’ Emaxla Emaan Cm2 1020,
)\7 A eV eV eV (ground) Eexc7 Emax 1 Emax 25 Cm2

(sin-  (sin- (sin-  (sin-  (sin- A\, A Y% Y% eV (ground)
Level glets) glets) glets) glets) glets) (triplet{¥riplet{triplettripletstriplets)

3P 5016 23,08 24,2 100 510 3889 23,0 — 280 100
110

AP 3965 23,73 24,6 100 210 3188 23,70 — 200 4
120

5P 3614 24,04 249 100 105 2945 24,01 — 300 06
120

3D 6678 23,07 238 42— 60 5876 23,07 238 27,0 323
46

4D 4922 23,72 2457 42— 24 4471 2373 243 275 13,7
46

5D 4388 24,04 252 40— 10,5 4026 24,04 — 290 74
45

the probable course of the energy dependence for these levels. In Fig. 2 such
dependences are presented for all six of the lowest helium levels.

Thus, more or less complete information has been obtained on the excitation
cross sections of the energy levels of helium in collisions with slow electrons.
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