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Abstract

Total and partial cross sections for electron impact ionization of CH4 were measured from threshold to 1000 eV. Ion kinetic
energy distributions were measured applying a deflection and retarding field method. The extraction of ions from the ion
source was simulated fully three-dimensionally including the presence of a magnetic field for electron guidance. Thereby,
discrimination factors were determined as a function of the initial ion kinetic energy. Multiplication of these factors with the
ion signal leads to relative partial cross sections. By normalizing the sum of these partial cross sections to an absolute value
taken from the literature, absolute partial cross sections were obtained that agree well with previous measurements where a
complete collection of the product ions has been demonstrated. Moreover, with the present method, it is possible to determine
cross sections that are differential with respect to the initial kinetic energy of the ion.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Dissociative ionization of molecules induced by
electron impact is a very important process in many
different areas such as low-temperature plasmas, radi-
ation chemistry, edge plasmas in fusion reactors, mass
spectrometry, and chemical analysis[1–5]. Ionic and
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neutral fragments produced via dissociative ionization
often carry substantial amounts of kinetic energy, and
the kinetic energy distribution of a particular frag-
ment determines the energy deposition and the energy
transfer pathways in the corresponding media. Thus,
the modeling of environments where dissociative ion-
ization processes are important requires knowledge
not only of the production efficiency and the nature
of fragment ions produced but also of their kinetic
energy distribution. Furthermore, different pathways
leading to the formation of the same fragment ion
may have different threshold energies and different
exothermicities. Thus, the kinetic energy distribution
for a given fragment ion can depend strongly on the
electron energy.
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Fragment ions that are formed with high kinetic en-
ergies often are collected with considerably reduced
efficiency which has a strong influence on the cross
section values determined[6–9]. With specially dedi-
cated instruments that were constructed to assure uni-
form collection efficiency absolute partial and total
cross sections have been measured[10,11]. However,
with commercial instruments, comparable results can
only be obtained if the discrimination factor for high
energetic fragment ions is determined. For a standard
double focusing mass spectrometer equipped with a
modified Nier-type ion source, Poll et al.[6] demon-
strated that ion trajectory calculations of the extrac-
tion region of this ion source allows the determination
of the corresponding ion loss. After correction of the
ion efficiency curves with these discrimination factors
the agreement with the above mentioned data from the
specially dedicated instruments is extremely good. In
order to get information on the kinetic energy of the
ions, a deflection method was applied in the direction
perpendicular to the plane of the mass spectrometer.
The present work is an extension of this method and
in contrast to Poll et al.[6] the kinetic energy distribu-
tion of the fragment ions is used to determine for the
first time ion kinetic energy differential cross sections
for these fragment ions. Furthermore, highly energetic
ions like H+ and H2

+ were measured too, which was
not possible in the study of Poll et al.[6]. The determi-
nation of the kinetic energy distributions of the frag-
ment ions as a function of the electron energy allows
to distinguish between different ionization processes
that lead to the production of a given fragment ion
[12,13]. Hydrocarbon molecules are known to form
fragment ions with broad kinetic energy distributions
ranging from thermal energies to many electronvolts
[6,12,14–16]. This is especially true for light fragment
ions such as H+ and H2

+ as a result of the momen-
tum conservation. In some cases, such as, for instance,
propane, many of the energetic ions are formed with
higher probabilities than the thermal ions (see e.g.,
Poll et al.[6] and references cited therein).

Hydrocarbon molecules are abundant constituents
of planetary atmospheres and major compounds in
combustible gas mixtures and in fusion edge plasmas

[1–5]. Methane is the simplest of these hydrocarbon
molecules. Thus, absolute total and partial photon
[17–19] and electron[20–25] ionization cross sec-
tions and nascent fragment ion energy distributions
[12,13,26–28]have been studied extensively for this
molecule. For the deuterated methane molecule elec-
tron impact ionization and dissociative ionization
cross sections were determined for the CDx (x = 1–4)
molecule and radicals applying a fast neutral beam
technique[29]. Electron impact total ionization cross
sections have been determined also theoretically ap-
plying the BEB (Binary-Encounter-Bethe) model
[30], the DM (Deutsch–Märk) method[31], and the
JK (Jain–Khare) method[32]. Partial electron impact
ionization cross sections were calculated for methane
[33,34] as well as total electron impact cross sections
for various CHx radicals[35].

All previous studies[12,13,27,36–38]found that es-
sentially all fragment ions of methane are formed with
complex energy distributions with two major compo-
nents, a low-energy component comprised of thermal
and/or quasi-thermal (“slow”) ions with maximum ki-
netic energies of∼0.3 eV and energetic (“fast”) ions
with a broad energy distribution from 0.5 to∼10 eV. It
has been suggested that several dissociation pathways
contribute to the formation of the various fragment
ions, as demonstrated by the different appearance en-
ergies that were measured for the respective slow and
fast component in the kinetic energy distribution of a
given fragment ion[13,38].

2. Experimental

The presently used apparatus is a double focusing
Nier–Johnson two-sector-field mass spectrometer of
reversed geometry with a Nier-type electron impact
ion source and has been described in detail in earlier
publications [6,16,39,40]. Fig. 1 shows the exper-
imental setup schematically. Stagnant target gas is
crossed by a well-characterized magnetically colli-
mated electron beam with an FWHM energy spread of
∼0.5 eV. The product ions are extracted from the ion
source by a penetrating electric field and accelerated
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Fig. 1. Schematic view of the experimental setup. The two pairs of parallel plates for deflection of the ion beam perpendicularly to the
beam direction are designated as deflector plates.

to 3 kV. Before entering the analyzing part of the
mass spectrometer through a narrow entrance slit, the
ions pass two pairs of perpendicular deflection plates
that allow in principle a steering of the ion beam. For
cross section measurements, these deflection plates
are used to sweep the totally extracted ion beam across
the entrance slit[40] and integrating the detected ion
signal. In all other modes of operation, the deflection
plates are not used to sweep the ion beam across the
mass spectrometer entrance slit but are kept at fixed
voltages and are only used for minor corrections of
the ion trajectories to maximize the ion flux into the
mass spectrometer. After passing through a magnetic
sector-field followed by an electric sector-field, the
ions are detected by a secondary electron multiplier
operated in a counting mode. The combined action
of the two sector-fields in a double focusing mass
spectrometer results in a focusing of the ions within
the plane of the instrument that accounts for angu-
lar and spatial spreads of the starting points of the
ions and for small variations in the kinetic energy.
However, the only way to compensate a velocity
component outside of the plane of the instrument
(z-direction, seeFig. 1) are the so calledz-deflector
plates right after the ion source. The ion yield mea-
sured as a function of thez-deflection voltage allows,
in addition, to integrating the ion current over the
z-direction (see above) the determination of the ki-

netic energy distribution for a given fragment ion
[6,12].

3. Results

A mass spectrum of methane ionized by electrons of
100 eV kinetic energy is shown inFig. 2. The electron
current was set to 10�A and the methane pressure in
the ion source was 6× 10−5 Pa. Ions originating from
the residual gas in the background (9×10−7 Pa) were
subtracted by a mass spectrum that has been measured
without methane in the inlet system. The mass spec-
trum has not been corrected for discrimination effects
due to initial kinetic energies of fragment ions and
thus the peak heights do not correlate with the cross
section values for this electron energy. The electron
impact ionization cross sections and kinetic energy
distributions for all ions that are labeled in the mass
spectrum were determined in this study. At a mass
per charge ratio of 3 and 6, the H3

+ and C2+ ions
can be identified, however, the ion intensity for these
ions is too low for further analysis. It is interesting to
note that the relative ion yield for H3+ and C2+ nor-
malized to the CH4+ parent ion agrees well with the
corresponding values published by Ben-Itzhak et al.
[28] for proton impact ionization at a projectile energy
of 4 MeV.
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Fig. 2. Positive ion mass spectrum of CH4 ionized by 100 eV
electrons and 10�A electron current. The pressure in the ion source
was 6× 10−5 Pa and the gas was thermalized at a temperature of
500 K. Please note that the ion signal for mass per charge ratios
smaller than 10 Thomson was multiplied with a factor 10. This
mass spectrum has not been corrected for reduced ion extraction
and detection efficiency.

Figs. 3–6show ion beam profiles in thez-direction
for the parent ion CH4+ and the fragment ions CH2+,
C+, and H+ measured at different electron energies
from the respective threshold to 800 eV. From these
curves ion kinetic energy distributions were derived
and a few examples are shown besides thez-profile di-
agrams. For this, in principle, the first derivative of the
z-profile has to be plotted as a function of the square of
thez-deflection voltage and multiplied by a factor that
is determined by the geometry of the deflector plates
and the acceleration voltage of the mass spectrometer
(for details, see Ref.[6]). For a comparison, the dia-
grams that exhibit the kinetic energy distributions of
CH4

+ and CH2
+ include the corresponding data of

Ar+. The kinetic energy of the CH4+ ion is only de-
termined by the ion source temperature that was 520 K
throughout the present investigations. There is a sur-
prising difference between the Ar+ and the CH4+ par-
ent ion that can be explained by two reasons: (i) Ar was
introduced as a narrow collimated gas jet and thus the
temperature of the neutral atoms was much colder than
520 K and (ii) the fragment ion13CH3

+ will contribute

Fig. 3. The upper panel shows the ion beam profile of the CH4
+

parent ion in thez-direction. The ion signal was measured as
a function of the voltage on thez-deflector pair. Different line
styles designate different electron energies ranging from 16 to
800 eV, respectively. In the lower panel, the initial ion kinetic
energy distributions were calculated from thesez-profiles for three
electron energies and compared to Ar+ that has been ionized from
a cold gas jet. The ion kinetic energy distribution of CH4

+ shows
no dependence on the electron energy.

by ∼1% to the12CH4
+ ion signal. This fragment ion

has the same mass per charge ratio as the CH4
+ par-

ent ion but has a higher average kinetic energy than
a parent ion. The difference between Ar+ and CH4

+

is 1.3 meV (average value of all electron energies)
and increases from 0.5 meV for electron energies be-
low 30 eV to 1.7 meV for electron energies larger than
30 eV. In contrast to the parent ion (Fig. 3) and the
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Fig. 4. The upper panel shows the ion beam profile of the CH2
+

fragment ion in thez-direction. The ion signal was measured as
a function of the voltage on thez-deflector pair. Different line
styles designate different electron energies ranging from 18 to
800 eV, respectively. In the lower panel, the initial ion kinetic
energy distributions were calculated from thesez-profiles for three
electron energies and compared to Ar+ that has been ionized from
a cold gas jet. In contrast to the parent ion CH4

+, the width of the
ion kinetic energy distribution increases dramatically by raising
the electron energy from 28 to 50 eV, however, for higher electron
energies the ion kinetic energy distribution remains practically
constant.

CH3
+, the kinetic energy distribution of all other frag-

ment ions reveals a pronounced dependence on the
electron energy (Figs. 4–6), i.e., exhibiting wider dis-
tributions for higher electron energies. Furthermore,
the z-profile deviate clearly from a single gaussian
curve (Figs. 5 and 6) and thus the resulting kinetic

energy distribution will not be a Maxwell–Boltzmann
type. For the C+ fragment ion, the kinetic energy dis-
tribution (Fig. 5) consists of two different contribu-
tions, a low one with an average kinetic energy of
about 200 meV and a high energy part with an average
value of about 400 meV. The relative height of the two
distributions changes with the energy of the ionizing
electron and this leads to the observed dependence of
the average ion kinetic energy on the electron energy.

For the H+ fragment ion, kinetic energies exceed-
ing 5 eV are found and the ion energy distribution
reveals also two distinct contributions. According to
ion trajectory calculations, ions with such high initial
kinetic energies into thez-direction will be displaced
roughly 4 mm from the beam axis when they reach the
z-deflector. In order to pass the narrow tube through
the magnetic sector-field these ions have to be de-
flected that much towards the center of the beam,
otherwise they will not pass the defining slit after the
electric sector-field. The present experimental setup
starts to loose ions being deflected into thez-direction
at initial kinetic energies larger than 2 eV. Thus, only
ions starting into the direction of the mass spectrome-
ter (x-direction) will be transmitted. Fiegele et al.[16]
demonstrated recently the possibility of ion kinetic
energy analysis with a sector-field mass spectrometer
applying a retarding field method. The same experi-
mental setup that was used in[16] has been applied
for the ion kinetic energy analysis of the fragment ions
from methane for C+ and H+ the results are shown in
Figs. 5 and 6, respectively. For C+, the agreement be-
tween the retarding field method and thez-profile anal-
ysis is very good, however, the high energy peak of the
H+, resulting from a dissociation of a doubly charged
precursor ion cannot be observed by thez-deflection
method due to discrimination effects discussed above.

Latimer et al.[13] determined in their synchrotron
study the kinetic energy of the H+ fragment as a func-
tion of the photon energy in the range between 12 and
60 eV. Their energy spectra of fragment protons and
deuterons exhibit three different contributions. The
low energy part starts below the (2a1)−1 threshold at
22.4 eV and indicates the existence of autoionizing
Rydberg states which converge to the A state from
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Fig. 5. The upper panel shows the ion beam profile of the C+ fragment ion in thez-direction. The ion signal was measured as a function of
the voltage on thez-deflector pair. Different line styles designate different electron energies ranging from 26 to 800 eV, respectively. In three
of the lower four panels, the initial ion kinetic energy distributions were calculated from thesez-profiles for three electron energies (i.e.,
35, 50, and 300 eV, respectively). The total ion kinetic energy distribution can be split into two parts (Maxwell–Boltzmann distributions)
that have average energies of∼150 and 400 meV. With increasing electron energy, the relative abundance of the two contributions changes
in favor of the high energy part and thus the overall average kinetic energy shifts to higher values. The last (lower right) panel shows
the overall ion kinetic energy distributions determined by thez-deflection method (ZP) in comparison to an ion kinetic energy distribution
that was determined applying a retarding field technique (RP) (see text).
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Fig. 6. The upper left panel shows the ion beam profile of the H+ fragment ion in thez-direction. The ion signal was measured as
a function of the voltage on thez-deflector pair. Different line styles designate different electron energies ranging from 28 to 300 eV,
respectively. In the upper right panel, the initial ion kinetic energy distribution was calculated from thez-profiles at an electron energy
of 300 eV. The total ion kinetic energy distribution (solid line) clearly consists of two parts that are shown as dashed and dotted lines.
The lower panel, finally shows the ion kinetic energy distributions of H+ determined with a retarding potential method at two electron
energies. At electron energies higher than 30 eV, an additional high energy contribution can be observed that could not be detected with
the z-profile technique due to discrimination effects (see text).

below. These Rydberg states have been observed previ-
ously in the production of excited H atoms by electron
impact [41]. At photon energies higher than 26.6 eV,
all the (2a1)−1 states are accessible and the fragment
protons and deuterons appear with a group of energies
centered at 2.2 eV. In electron impact experiments, a
similar group with an energy around 2.35 eV has been
observed[15]. Finally, at photon energies higher than
35 eV, the threshold for double photoionization[42],
Latimer et al. [13] detected an additional group of

protons having an average kinetic energy of 3.7 eV.
This energy, however, turns out to be much smaller
than the average kinetic energy of H+ from ion pair
formation obtained by proton impact[28] or another
photo-dissociation study by Fournier et al.[43] ending
up with a value of about 6 eV. Except for the high en-
ergy part exceeding 3 eV, the ion kinetic energy distri-
bution of H+ determined with the retarding potential
method agrees well with the results published by La-
timer et al.[13]. A possible reason for the differences
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at high kinetic energies could be a reduced ion detec-
tion efficiency of the experimental setup used in[13].
It is interesting to note that the third group consisting
of these high energy ions in the present study has an
average kinetic energy of about 6 eV which agrees well
with the proton impact results of Ben-Itzhak et al.[28]
and the photoionization study of Fournier et al.[43].

In the upper panel ofFig. 7, the kinetic energies of
all product ions of methane ionized by electron impact
are plotted as a function of the energy of the ionizing
electron. A logarithmic scale of they-axis was cho-

Fig. 7. Upper panel shows the average initial ion kinetic energy of methane product ions plotted as a function of the electron energy
(logarithmic scale in both directions). Lower panel shows the average kinetic energy that has been released during the formation process
of a given fragment ion assuming a splitting into two fragments (see text).

sen, since the values for H+ are more than an order of
magnitude larger than those of the parent ion CH4

+.
Assuming that only one splitting of an excited ion-
ized complex into two fragments is responsible for the
main part of the kinetic energy of the detected frag-
ment ion it is possible to calculate (see lower panel of
Fig. 7) the total kinetic energy that has been released
in the dissociation process (KER). Thus, for fragment
ions like C+ or CH+ where the excited CH4 complex
decays into more than two fragments the calculated
KER value will be a lower limit of the total KER. For
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Table 1
Total average kinetic energy (in meV) released during the formation of fragment ions of methane at different electron energies

Electron energy (eV) CH3+ CH2
+ CH+ C+ H2

+ H+

17 813 – – – – –
18 811 846 – – – –
20 831 – – – – –
22 – 860 – – – –
24 809 845 1406 – – –
26 – – – – – –
28 872 1318 1530 1742 – –
30 – – – 1772 – –
32 – 2020 1826 1972 – –
35 955 2367 2182 2591 1621 1759
50 937 2642 2473 3164 2459 2463
80 951 5736 5731 5888 – –

100 – – – – 6658 6317
150 961 5901 5845 6222 – –
300 972 5966 5759 6137 6573 6148
800 962 6187 5654 5997 – –

Splitting of a precursor ion into two parts was assumed using the most likely channels published by Ben-Itzhak et al.[28]. If the initial
kinetic energy distribution of a channel consists of two or more energetic groups, only the part with the highest kinetic energy was used
for this calculation.

H+ and H2
+, the calculated KER does not depend

strongly on the mass of the second fragment since the
contribution of the heavy fragment to the KER is al-
ways small. However, in the case of C+, CH+, and
CH2

+, the values of the total KER change almost by
a factor of 2 if the second partner will have a mass
of 1 Da (H or H+) or 2 Da (H2 or H2

+). Table 1lists
the average total KER values for each fragment ion
and electron energy where az-profile was measured. If
the energy distribution of an ion consists of two parts,
the average kinetic energy of the high energy part was
taken since ion pair formation by splitting of a dou-
bly charged precursor can be expected. Except for the
CH2

+ where the probability for being formed together
with an H2

+ is quite high, all other carbon contain-
ing fragments are produced preferentially with H+ as
ion pairs[28]. The most likely channel according to
Ben-Itzhak et al[28] was used for these total KER de-
termination. The lower panel ofFig. 7shows this total
KER as a function of the electron energy. In contrast to
the ion kinetic energies of the fragment ions shown in
the upper panel, the total KER values for most of the
fragment ions are very similar and lead to an average
value of 6.1 eV for electron energies higher than 50 eV.

In previous investigations, it was pointed out that
high kinetic energies of fragment ions have a strong
influence on the ion collection efficiency and thus on
resulting cross sections derived from ion efficiency
curves [2,6–11]. Poll et al. [6] calculated discrimi-
nation factors for ions with different initial kinetic
energies performing ion trajectory simulations of
their ion source in a similar experimental setup as
used here. These previous calculations neglected the
presence of a magnetic field for guiding the elec-
trons. The effect of this magnetic field having a field
strength of about 40 mT can be neglected for all heavy
ions, however, for H+ and to a smaller degree also
for H2

+, a substantial deflection of the ions into the
y-direction was observed. Applying a newer version
of SIMION [44], the extraction of the ions out of the
Nier-type ion source was simulated with increased
resolution of the potential array, for different mass per
charge ratios and including the magnetic field. Fur-
thermore, no approximations of planar or spherical
geometry were made—the lenses were treated fully
three-dimensional. Thereby, more reliable discrimina-
tion factors were derived.Fig. 8 shows the resulting
correction factors for H+ derived from the present
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Fig. 8. Discrimination factor as a function of the initial kinetic
energy of a fragment ion obtained by ion trajectory simulations.
The ion source and the electrostatic lenses were treated fully
three-dimensional. The dashed line represents the discrimination
factors that were derived by Poll et al.[6] by treating the lenses
as infinitely long slits.

simulations, including a magnetic field of 37 mT in
the center part of the ion source, in comparison to the
values published by Poll et al.[6]. Moreover, in con-
trast to Ref.[6] where constant discrimination factors
were used for correction, the electron energy depen-
dence of thez-profiles in the present study allows to

Fig. 9. Discrimination factors for each product ion plotted as a function of the electron energy. The factor was derived by calculation of
the first momentum of the product of the ion kinetic energy distribution and the discrimination factor shown inFig. 8.

determine and use electron energy dependent discrim-
ination factors. In addition, the present discrimination
factors were determined using the complete kinetic
energy distributions and not only the first momentum
of the curve. Thereby, a more reliable cross section
value can be obtained since the correction factor is
not a linear function of the kinetic energy (seeFig. 8).
In Fig. 9, the discrimination factors that have to be
used to correct for reduced detection efficiency due
to the initial kinetic energy of the ions are plotted as
a function of the electron energy.

Multiplying the mass selected ion signal at each
electron energy with the corresponding discrimination
factors, the resulting ion signal will be proportional
to the relative partial cross section. Adding up all ion
signals, the resulting sum is proportional (with the
same factor) to the total electron impact ionization
cross section. At an electron energy of 100 eV, we de-
termined this calibration factor (summation method,
see[2]) by normalizing our relative total cross sec-
tion to the absolute total cross section of Rapp and
Englander-Golden[45]. Using this same normal-
ization factor, absolute partial cross sections for all
product ions, except H3+ and C2+, were derived
and are shown inFig. 10. For comparison, the dia-
grams inFig. 10also include some of the previously
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Fig. 10. Absolute partial cross sections for the formation of product ions by electron impact ionization of CH4. The present values (filled
symbols and line) are compared with data from the literature. There is good agreement with two experiments where complete ion detection
was demonstrated (open square: Straub et al.[7]; open triangle: Tian and Vidal[8]).
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published partial cross sections for CH4 product ions
formed by electron impact. The agreement with the
data determined with specially designed instruments
for complete ion collection efficiency[7,8] is for all
ions reasonably well. In contrast the values by Adam-
czyk et al. [9] and Chatham et al.[20] are for all
fragment ions except CH3+ significantly smaller than
the present data and the results by[7,8]. In the case of
H+, the data differ by a factor of 5. The perfect agree-
ment with the partial cross sections that were per-
formed with instruments that were specially designed
for cross section measurements for fragment ions that
have initial kinetic energies larger than 5 eV clearly
demonstrates the success of the present correction
method. Furthermore, this work clearly demonstrates
that commercial instruments can be applied for the
determination of partial ionization cross sections. In
contrast to the studies by Stebbings and coworkers[7]
and Tian and Vidal[8], the present method especially
in combination with the retarding potential method
gives in addition the ion kinetic energy distribution of
the fragment ions. InFig. 11, as an example differ-
ential (with respect to the ion kinetic energy) partial
cross sections for the formation of CH2

+ are shown.
The upper figure shows cross sections close to the
threshold region in a logarithmic scale and in the lower
diagram the total cross section was split into kinetic
energies above and below 120 meV (linear scale).

Latimer et al.[13] published partial cross sections
for the formation of H+ by photoionization of methane
for ions that were formed with kinetic energies ex-
ceeding a certain threshold value. It turns out that H+

was formed with kinetic energies exceeding 3.1 eV are
produced only at photon energies larger than 35 eV. In
following up this study, we measured here ionization
efficiency curves close to threshold at two different re-
tarding potentials, i.e., at the maximum of the H+ ki-
netic energy distribution and at a 5 V higher potential.
As in the case of photoionization[13], the H+ ions that
were formed with high kinetic energies (>5 eV) have a
higher ionization energy than the low energy protons
(seeFig. 12). The two lines drawn through the data in
Fig. 12correspond to fits using a Wannier type thresh-
old law for electron impact ionization to the data (for

Fig. 11. Absolute partial electron impact ionization cross sections
differential with respect to the initial ion kinetic energy of the
CH2

+ fragment ion.

details of this fitting method, see[46,47]). According
to the present data, the ionization energy for the fast
H+ fragments is∼33 eV whereas the threshold for H+

formation with low kinetic energies is∼26 eV. The
electron energy scale was calibrated with the ioniza-
tion energy of Ar+ and Ar2+. The present thresholds
are in good accordance with what is known from pho-
toionization, i.e., 26.6 eV is the threshold energy for
photoionization of the (2a1)−1 state[13] and 35 eV is
the threshold for double photoionization[42] of CH4.

The present study on CH4 was intended as an ex-
ploratory study to test the reliability of the methods
used and developed in our laboratory. The agreement
with the recent investigations by Straub et al.[7] and
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Fig. 12. Ion efficiency curves for H+ measured for two retarding
potentials. For high retarding potentials, only protons that were
formed with kinetic energies higher than 5 eV reach the detector
(open circles). The lines through the data are a fit according to
Wannier’s threshold law[46,47].

Tian and Vidal[8] performed with instruments that
were specially designed for partial cross section mea-
surements clearly demonstrates that it is possible to
correct ion efficiency curves measured with a standard
instrument for reduced ion collection efficiency. Fur-
thermore, the initial kinetic energy distribution for all
product ions are measured with two different methods,
i.e.,z-deflection and retarding potential. Due to differ-
ent processes (ion pair formation or fragmentation of
a singly charged precursor ion), the ion kinetic energy
distribution of some fragment ions consists of more
than one group, each group may have a quite different
ionization threshold. The present experimental setup
enables us also to determine partial cross sections that
are differential according to the initial kinetic energy
of the ion when it is formed. After this successful test
for methane measurements with more complex hydro-
carbon molecules in particular of relevance to plasma
physics and chemistry are planned.
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