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The yield of secondary electrons emitted from a target under
light ion bombardment is connected(1, 2, 3) to the ionization cross section
of the target material, As is known(4, 5,6, 7) this cross section is just one
of the terms which describe the stopping cross section of the incident par
ticle in the target, the other term being given, at intermediate energies,
by the excitation cross section, This last term can be measured, for ex-
ample, by X-ray yield under ion bombardmem(g).

Object of the present paper is experimental investigation onthe
connection between electron emission and stopping cross section,

We measured the secondary electron yield from targets of Al,
Si, Cu e Ge bombarded with protons,

The particles were accelerated by the 2, 5 MeV Van de Graaff
machine of the C, S, ', N, and S. M. laboratory in Catania, The incident
energies ranged from 0, 3 MeV to 2, 5 MeV,

The metallic targets were obtained by evaporation on thickalu
minum supports, Their thickness was measured by the helium backscatie
ring tecnique and resulted about 0.5 p. The Si and Ge targets were thick
wafers. The targets were all mounted inside a standard scattering cham-
ber and maintened at room temperature. Around them there was a guard
ring (G) towhich a variable potential V was applied (see Iig, 1), The geo
metric configuration was such to insure total suppression of electrons at
high negative values of V,
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FIG. 1 - Experimental set up: G = guard
ring, T = target, D = proton detector,
Q@ = charge integrator, V = power supply
for the guard ring.

The backscaitered light ions were detected by means of a surfa-
ce barrier detector supplied by ORTEC connected to a standard amplification
chain, The pulses were counted by a scaler.

The total charge collected at the target was measured by means
of a current integrator (Q) supplied by WELEX Electronics,

The runs were done at constant collected charge and the number
of hbackscattered particles was measured as a function of the potential ap-
plied to the guard ring.

The yield was defined as:

N N -~ N i
¥ o= e = (el/ion)

Nmin

where N,,iy was the number counted at V > 0, while Njj,5x was the number
counted at the plateau for V < -100 Volt,

The values of the yield obtained for copper are reported in
Fig. 2 vs. incident energy, The present data extend the energy range in
which other authors performed measurements(9), The data of these au
thors are also reported in Fig, 2.

As is known the secondary electron yield is described by a
theory that takes into account: i) for the mechanism of electron production,
a reasonable interplay between excitation and ionization cross section(ls 2);
ii) for the escape mechanism, a diffusive modeltl 2, 10, 11).

N The interplay sub i) can be described by the single parameter
€. that is lhe mean energy for the production of one free electron, Duelo
the excitation processes, it is clearly greater than the mean ionization e-
nergy.

We computed the curves of Fig, 2 using the expression given
in ref, (1) where was placed EO = 25 eV, which corresponds to an excita-
tion cross section of about 1/4 of the total stopping cross section at the
used energies, Furthermore we used the experimental values'12) of the
stopping cross section for the full curve of Fig, 2 and the Bohr-Bethe theo

153



IO
H*— Cu
3 B -
e
5,
It o Hill et al. .
2
2# e present data
0
e
L)
> 1

0] 10 10
ENERGY [MeV]

F'IG. 2 - Yield of secondary elecirons from Cu. Full line:
theoretical yield computed using experimental stopping
cross section. Dashed line: as full line, but using the
Bohr-Bethe approximationfor the stopping cross sectlon,
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FIG. 3 - Yield of secondary electrons from various mate-
rials. Black symbols refer to preseni data. White symbols
to data of other authors, See iext for the curves,
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retical values for the dashed curve. As is seen the agreement is good for
the full curve, as expected.

The values of the yield obtained for various inaterials are re
poried together in Fig. 3, In the same figure are reported the data obtai-
ned at other energies by other authors(9),

As is seen, the yield does not depend appreciably on the ato-
mic number of the target material, The physical explanation of this result
lays on the opposite dependence on the atomic number of the production and
escape contributions to the yiold(l).

The curves reporied in Fig, 3 are computed using the experi-
mental values of the stopping cross section for Al (point-line curve) and
for Cu (line-line curve). As is seen, the agreement is again good.

So we can conclude that the connection between stopping cross
section and secondary electron yield, given by theory, is well confirmed
by the experimental data wiith protons. However it is necessary to invesfi-
gate better the connection between £, and the excitation cross section for
the electrons.
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