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Abstract. Elastic cross sections for electron scattering on tetrafluoromethane (CF4) from 0 up to 5 eV
energy are analyzed using semi-analytical approach to the modified effective range theory (MERT). It is
shown that energy and angular variations of differential, integral and momentum transfer cross sections can
be parameterized accurately by six MERT coefficients up to the energy region of the resonant scattering. In
particular, the model is used to determine the depth and the position of the Ramsauer–Townsend minimum
as well as the s-wave scattering length. Moreover, we investigate the influence of the dipole polarizability
value on the predictions of present model. To further validate our approach, the elastic data are combined
with the Born-dipole cross sections for vibrational excitations as the input data for Monte Carlo simulation
of electron swarm coefficients.

1 Introduction

Carbon tetrafluoride (CF4) is used for etching Si and
SiO2 from the beginning of nano-electronics era [1]. It is
a great source of reactive species needed for plasma pro-
cessing of materials. However, it could be also a reason
of some undesirable effects such as enlarging the etched
paths. This is due to the peculiarity of the cross sections
for electron scattering: high thresholds for the ioniza-
tion and relatively large contribution from the dissoci-
ation into unstable neutral and ionized fragments, see
review papers on cross section for e−-CF4 collisions by
Bonham [2], Christophorou et al. [3], Karwasz et al. [4]
or Sakai [5]. Nevertheless, as recently showed [6], CF4 in
appropriate mixtures with other gases (O2, He, C4F8)
can be used for preparation of nanowires of SiGe and Si
as thin as 20 nm in diameter. Obviously, to avoid lab-
oratory try-and-error procedures, theoretical modeling
of plasma is desirable.

The very low-energy collisions (below 1 eV), appar-
ently, seem to be less important in plasma processing
than the inelastic processes starting at few eV such as
dissociation and ionization. On the contrary, it is the
Ramsauer–Townsend minimum of the integral elastic
cross sections at 0.3 eV that defines the overall temper-
ature of Ar-based discharges with practical applications
in lighting [7]. Moreover, the elastic collisions are of
primary importance in numerical modeling of plasma,
particularly at low temperatures. In this paper we dis-
cuss the very low-energy electron elastic scattering on
CF4. Relatively, few papers explored this problem. The
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first relative measurements of total cross sections by
David Field’s group [8] (repeated later by Lunt et al.
[9]) indicated the presence of Ramsauer–Townsend (R-
T) minimum somewhere at 0.15 eV. However, the evi-
dence was not clear since the same energy regime corre-
sponds to excitation thresholds for bending (symmetric
ν2 at 0.054 eV and asymmetric ν4 at 0.078 eV) and
stretching (symmetric ν1 at 0.112 eV and asymmetric
ν3 at 0.157 eV) vibrational modes. Due to the high tran-
sition dipole moments of CF4 molecule the vibrational
scattering channel may become the leading contribution
to the total cross sections. Therefore, the separation of
the two contributions: elastic one and vibrational one at
low energies, is essential. Unfortunately, later absolute
measurements of total cross sections were not carried
out at such low energies: Gdańsk laboratory stopped
at 0.4 eV [10], Jones [11] at 1 eV and Tokyo group at
1.5 eV [12]. Only the measurement of differential elastic
cross sections (DCS) down to 0.3 eV by Mann and Lin-
der [13] helped to confirm the presence of R-T minimum
in integral elastic cross sections (IECS). This minimum
was derived from experimental data using the modified
effective range theory (MERT), as formulated in sixties
of last century by O’Malley et al. [14]. MERT allows to
extrapolate measured cross sections down to ultra-low
energies which are inaccessible experimentally. Another
evidence for the presence of R-T minimum in IECS was
brought by the analysis of electron transport parame-
ters measured in swarm experiments (i.e., a cloud of
electrons adrift in external electric field through rela-
tively dense CF4 gas) by Curtis et al. [15] and Hayashi
[16]. However, swarm-derived IECS in both experiments
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do not agree on the energy position, the width and the
depth of minimum.

The theoretical research on the low-energy e−-CF4

collisions are even more scarce than experimental ones.
Although there are several high-quality theoretical
works for energies just above 1 eV [17–21] to the best
of our knowledge, only Isaacs et al. [22] and Gianturco
and Willner [23] computed scattering cross sections at
much lower energies. Both models predict the presence
of R-T minimum, but they do not agree, either with the
experiments and with each other, on the exact position
of this minimum.

In the present work we re-analyze available experi-
mental data of elastic cross sections for e−-CF4 colli-
sions using a new approach to MERT as proposed by
Idziaszek and Karwasz [24] and applied successfully for
noble gases and some molecules (H2, CH4) [25,26]. In
the original MERT formulation by O’Malley et al. [14]
the scattering phase shift of partial wave with given
angular momentum is expanded into the energy series
known as the effective range expansion. In contrast to
the original approach, in the present work we take into
account the exact contribution of the long-range polar-
ization potential (∼ r−4) to the phase shifts, while the
effective range approximation is applied exclusively to
unknown short-range interaction. This allows to extend
the applicability of MERT almost up to the threshold
for electronic excitation, while the original MERT [14]
(where contributions of both long and short-range parts
of interaction are approximated) is valid only at ultra-
low energies (much below 1 eV) as proved by Buck-
man and Mitroy [27] for noble gases and Chang [28] for
nonpolar molecules. In this work we show that a new
approach to MERT can be used to describe elastic cross
sections for e−-CF4 collisions up to such high energy as
5 eV, i.e., just below the threshold for resonant scat-
tering. To validate our approach the MERT-derived
momentum transfer cross section (MTCS) in the region
of R-T minimum is combined with vibrational cross
sections calculated using Born-dipole approximation as
input data for METHES Monte Carlo collision code [29]
in order to calculate electron drift coefficients.

In the following section we will briefly describe our
current theoretical methodology to derive elastic cross
section for e−-CF4 collisions at low energies, while in
Sect. 3, we report our analysis. Section 4 summarizes
our conclusions.

2 Theoretical model

A semi-analytical approach to MERT, originally intro-
duced by O’Malley et al. [14], has been discussed in
details in our previous papers [24,25]. Therefore, only
a brief description will be given here. MERT analyt-
ical expression for partial wave scattering phase shift
induced by the spherical part of the long-range dipole
polarization potential is given by the following expres-
sion (in atomic units) [14]:

tan ηl =
m2

l − tan δ2l + B̃l tan δl(m2
l − 1)

tan δl(1 − m2
l ) + B̃l(1 − m2

l tan2 δl)
, (1)

where l is the angular momentum quantum number and
δl = π

2 (νl − l − 1
2 ). Here ml and νl denote the energy-

dependent parameters which have to be determined
numerically for each partial wave using the procedures
described in Refs. [24,25]. Parameter B̃l is related to
the phase shift that is induced by the unknown short-
range potential. O’Malley et al. [14] showed that this
parameter can be approximated by the effective range
expansion:

B̃l = Bl(0) +
1
2
R∗Rlk

2 + · · · , (2)

where k is a wavenumber, Bl is the zero energy contri-
bution, Rl can be interpreted as the effective range for
a given partial wave and R∗ = α1/2 with α being the
dipole polarizability. In the particular case of l = 0, B0

can be expressed in terms of A0, the s-wave scattering
length, as B0 = −R∗/A0.

Using this semi-analytical model we verified below
that in the energy range E ≤ 5 eV (i.e., below reso-
nance), the leading contributions come from s, p and
d partial waves (l = 0, 1, 2), while the contributions of
higher partial waves are small and they are not mod-
ified by the short-range forces due to very high cen-
trifugal barriers associated with large l numbers. There-
fore, the scattering phase shifts experienced by higher
partial waves are described by taking only the leading
order contribution in the energy dependence of scatter-
ing phase shifts:

tan ηl(k) =
παk2

8(l − 1/2)(l + 1/2)(l + 3/2)
, for l > 2.

(3)

We found that the k4 terms appearing in phase shifts
induced by pure long-range forces (due to charge-
induced dipole and quadrupole moments) as presented
by Ali and Fraser [30] give only minor contribution
and since the quadrupole polarizability of CF4 is still
unknown, these terms were omitted. Moreover, due to
the lack of permanent dipole moment the rotational
excitation can be neglected.

Integral elastic (σIE), momentum transfer (σMT ) and
differential elastic ( dσ

dω ) cross sections are calculated
using the standard partial wave expansions:

σIE =
4π

k2

∞∑

l=0

(2l + 1) sin2 ηl(k) (4)

σMT =
4π

k2

∞∑

l=0

(l + 1) sin2[ηl(k) − ηl+1(k)] (5)

dσ

dω
=

1
k2

|
∞∑

l=0

(2l + 1) exp ηl sin ηl(k)Pl(cos θ)|2 (6)
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where θ is the scattering angle and Pl(x) are the Legen-
dre polynomials. In the zero energy limit both integral
elastic and momentum transfer cross sections can be
expressed by the s-wave scattering length:

σIE(k) ≈ σMT (k) = 4πA2
0, for k → 0. (7)

Substituting Eqs. 1–3 into Eqs. 4–6 one gets relations
which can be fitted to experimental data in order to
determine the unknown parameters of the effective
range expansion of B̃l(k).

3 Results

There are only three measurements of elastic differen-
tial scattering cross sections (DCS) for e−-CF4 colli-
sions. Sakae et al. [31] measured the DCS for incident
electron energies between 75 and 700 eV and for scat-
tering angles between 5◦ and 135◦. Boesten et al. [32]
measured the DCS in the energy range of 1.5–100 eV
and over the scattering angles of 15◦ − 130◦. Mann and
Linder [13] measured the DCS in the energy range 0.3–
20 eV for scattering angles from 10◦ to 105◦. In all
three works [13,31,32] experimental DCS were extrap-
olated to 0◦ and 180◦ scattering angles and the integral
(IECS) and momentum transfer (MTCS) elastic cross
sections were estimated by simple integration proce-
dures. In addition Mann and Linder [13] applied origi-
nal MERT to their low-energy DCS (E < 1 eV) in order
to estimate IECS for the energies between 0.001 and 0.5
eV. Later the similar MERT extrapolation was done by
Lunt et al. [9] to their low-energy (normalized) experi-
mental total cross sections between 0.01 and 0.175 eV.
However unlike Mann and Linder, MERT analysis done
by Lunt et al. did not give the s-wave scattering phase
shift passing through the zero for any energy. The latter
effect is responsible for the presence of R-T minimum in
IECS. It has to be also added that both earlier MERT
analysis [9,13] used dipole polarizability α = 25.9a3

0
measured by Miller et al. [33]. However, more recent
works indicate on much lower value between 19 and 20
a3
0, see the paper by Olney et al. [34] and references

therein. We show below that such a huge difference
in dipole polarizability have an important impact on
the results of the MERT extrapolation of cross sections
toward the zero energy.

In Fig. 1 we present the results of present MERT
fits to experimental DCS by Mann and Linder [13] and
Boesten et al. [32] using α = 19.5a3

0 and α = 25.9a3
0. We

have developed a numerical procedure to fit the model
simultaneously to all considered experimental datasets
in order to optimize the derivation of parameters in the
effective range expansion (Eq. 2). The derived parame-
ters are given in Table 1. We found that model is able
to reconstruct experimental data within their error bars
up to the energy of 5 eV independently on polarizability.
At higher energies the resonant scattering occurs and
the coupling between elastic and vibrational scatter-
ing channels, which may affect the dipole polarizability,

imposes limitation for the applicability of the present
model. Present MERT fit is also compared in Fig. 1
with complex Kohn calculations of Isaacs et al. [22]. The
agreement is relatively good except very low scattering
angels (θ < 10◦) where MERT predicts a slight rise of
DCS. This kind of rise is expected at low energies for
highly polarizable quasi-spherical systems such as CF4

where the electron interaction with the electric dipole
induced in molecule is dominant. If polarization poten-
tial is sufficiently strong, its long-range nature (∼ r−4)
should result in efficient scattering of incoming charged
particles at very low angles. Present MERT results are
in agreement with such expectation since the rise of
DCS at low angles is larger for higher α.

In Fig. 2 we show how the MERT-derived s-wave
scattering length (A0) changes with the value of dipole
polarizability (α). The scattering length decreases almost
linearly from −2.0a0 to −3.06a0 with the rise of α.
This is reflected in much higher integral s-wave cross
section for larger α at energies below 1eV—as shown
in the inset of Fig. 2. On the other hand, the s-wave
cross section is weakly sensitive to α for energies higher
than 1eV—so in the energy regime where most of fitted
data reside. Independently on polarizability, the present
MERT predicts the presence of minimum in the s-wave
cross section. The polarizability affects only the posi-
tion and the depth of minimum—higher α shifts the
minimum toward higher energies making it shallower.

In Table 2 we compare presently derived range for s-
wave scattering length (−2.0a0 to −3.06a0) with other
estimates available in the literature. Present values are
consistent with MERT analysis done by Mann and
Linder [13] and Lunt et al. [9]. Moreover, we stay
in agreement with quantum-mechanical calculations
of Gianturco and Willner [23]. However, the value of
−3.0a0 reported in the latter work was obtained con-
sidering α = 19.6a3

0, while here the same result was
achieved for 25.9a3

0. Theoretical calculations by Tossell
and Davenport [35] as well as the analysis of experimen-
tal photoionization spectra by Evans et al. [36] predict
much larger IECS in the zero energy limit. Addition-
ally, for comparison we give also in Table 2 the only
available estimation (to the best of our knowledge) of
scattering length for positron collisions with CF4 pro-
vided by Nishimura and Gianturco [37]. Surprisingly,
the value obtained by these authors is lower in abso-
lute magnitude than results for electrons. Generally,
the comparison of positron and electron scattering data
for different atomic and molecular targets [25,38,39]
shows opposite results—the positron scattering length
is much larger in absolute value due to much stronger
polarization effects at low energies that enhance signif-
icantly the interaction between the projectile and the
target. Strong attractive polarization can lead to vir-
tual positronium formation [40] or even to the forma-
tion of positron bound state with molecule [41]. Present
MERT model can be used to estimate the positron scat-
tering length once some elastic data on positron scat-
tering from CF4 will be available at few eV. We have
already proven that present approach to MERT works
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Fig. 1 MERT simultaneous fit (solid lines with α = 19.5a3
0 and dotted lines with α = 25.9a3

0) to elastic differential cross-
section datasets measured by Mann and Linder [13] and Boesten et al. [32] for electron energies below 5 eV. Present fit is
compared with complex Kohn calculations (dashed lines) of Isaacs et al. [22]

Table 1 Parameters of the effective range expansion defined in Eq. 2 for s, p and d partial waves (i.e., for l = 0, 1 and 2)
in electron scattering from CF4. Parameter A0 denotes the s-wave scattering length

α(a3
0) A(a0) B1 B2 R0(a0) R1(a0) R2(a0)

19.5 −2.001 −0.608 −0.178 1.176 0.020 0.042
25.9 −3.077 −0.781 −0.073 0.587 −0.067 −0.079

for positron collisions at the same energy range as for
electrons [24,25,42].

In Fig. 3 we present the energy dependence of scat-
tering phase shifts for s, p and d partial waves and the
corresponding IECS and MTCS (for α = 19.5a3

0). The
s-wave phase shift passes through the zero at energy of
0.185 eV clearly indicating on the presence of R-T min-
imum. Interestingly, the p-wave phase shift crosses the
zero slightly above 1eV, while the d -wave phase shift
passes through the zero at around 10 eV (not shown
in Fig. 3), i.e., at the maximum of resonant scattering

if we extend our calculations to higher energies. In the
resonance region the s-wave phase shift approaches the
value of π/2.

In the terms of position and deepness of R-T mini-
mum, MERT-derived IECS and MTCS are much differ-
ent than quantum mechanical calculations by Isaacs et
al. [22] and Gianturco and Willner [23] as well as swarm-
derived cross sections by Curtis et al. [15] and Hayashi
[16], as shown in Fig. 3. On the other hand, present
MERT for α = 19.5a3

0 stays in good agreement with
elastic cross sections recommended by Christophorou
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Fig. 2 MERT-derived s-wave scattering length (A0) as
a function of dipole polarizability (α). The inset presents
integral s-wave cross section in the region of Ramsauer–
Townsend minimum calculated using two extreme values:
α = 19.5a3

0 and α = 25.9a3
0

et al. [3]. This is not surprising since this recommenda-
tion was based on available experimental DCS: below
0.5 eV they propose to use MERT analysis done by
Mann and Linder [13], while above 1 eV they fitted a
line to mean values of three integrated DCS datasets
[13,31,32]. Between 0.5 eV and 1 eV, where no inte-
gral data were available, the interpolation was done to
connect the region of R-T minimum with higher ener-
gies. In the present paper we validate this recommen-
dation on the basis of more stronger principles showing
that available low and high energy experimental data
describing e−-CF4 elastic collisions are consistent with
each other within the frame of present MERT model.

Figure 4 shows selected integral cross sections includ-
ing all available total cross sections (TCS) measured
below 5 eV. Relative TCS by Lunt et al. [9] measured
in region of R-T minimum are normalized to absolute
TCS by Szmytkowski et al. [10] at 1 eV. The sharp
rise of TCS with increasing energy starting at 0.16 eV
is related to the excitation of asymmetric stretching

vibrational mode ν3. This mode has relatively large
infrared (IR) activity. Non-negligible contribution to
TCS comes also from electron impact excitation of
asymmetric bending mode ν4; however, this mode is
much weaker than ν3—this is consistent with its lower
IR activity. The other two modes: symmetric stretch-
ing and bending (ν1 and ν2, respectively) are expected
to be characterized by much lower cross sections and
they cannot be distinguished experimentally from their
asymmetric counterparts [3]. The only direct measure-
ments of integral vibrational cross sections in the near
threshold region (i.e., below 1 eV) for ν3 mode were
reported by Marler et al. [43,44] (for both electron and
positron impact excitation). The subsequent quantum
calculations by Franz et al. [45] confirms this experi-
mental finding. Both experiment and theory show that
vibrational cross sections can be quite well described by
the Born-dipole model (with the dipole strength deter-
mined from infrared absorption data). This is consistent
with conclusions reached earlier by Mann and Linder
[46] and Boesten [32] who measured vibrational DCS
in the near threshold region. Therefore, we follow here
the recommendations of other authors [3,44] to describe
cross sections for excitation of ν3 and ν4 modes by the
Born-dipole approximation. According to this approach
the integral cross section for electron impact excitation
of ν vibrational mode is given by the following relation
(in atomic units):

σvib
ICS(ν → ν′) =

8π

3k2
gν |〈ν′|D|ν〉|2 log

k + k′

|k − k′| . (8)

Here k and k′ =
√

k2 − ων are the initial and final elec-
tron momenta, ων is the initial energy of the ν mode
and gν is its degeneracy. The quantity |〈ν′|D|ν〉| is the
dipole transition strength. For optically active modes
the latter (in atomic units) can be determined from
infrared absorption measurements [47] using

|〈ν′|D|ν〉| = 0.2487

√
Aν [km/mol]
gνων [cm−1]

, (9)

Table 2 Presently determined electron−CF4 scattering length (A0 in Bohr length units a0) compared to available semiem-
pirical and theoretical results. For comparison the only available estimation of positron−CF4 scattering length is also given

Reference Scattering length (a0)

Electrons:
Present MERT with α = 19.5a3

0 −2.00
Present MERT with α = 25.9a3

0 −3.06
Lunt et al. [9], original MERT below 1eV with α = 25.9a3

0 −2.22
Mann and Linder [13] , original MERT below 1eV with α = 25.9a3

0 −2.36
Gianturco and Willner [23], quantum-mechanical calculations (with α = 19.6a3

0) −3.00
Evans et al. [36], analysis of photoionization spectra −3.40
Tossell and Davenport [35], MS-Xα calculations ≈ −4.77
Positrons:
Nishimura and Gianturco [37], quantum-mechanical calculations (with α = 19.6a3

0) ≈ −1.83
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Fig. 3 MERT-derived (with α = 19.5a3
0) scattering phase

shifts for s, p and d partial waves and corresponding integral
elastic (IECS) and momentum transfer (MTCS) cross sec-
tions in the region of Ramsauer–Townsend minimum (solid
lines). The contribution of particular partial waves to IECS
is also presented. Present calculations using α = 19.5a3

0 are
compared with other results including IECS and MTCS by
Isaacs et al. [22], Gianturco and Willner [23], Hayashi [16],
Curtis et al. [15] and Christophorou et al. [3] (the latter data
are recommended by Bordage et al. [50])

Fig. 4 Selected integral cross sections for electron scatter-
ing on CF4 in the region of Ramsauer–Townsend minimum.
Elastic: present MERT (for α = 19.5a3

0) and recommended
by Christophorou et al. [3]. Vibrational excitation: experi-
mental data of Marler et al. [43,44] and Born-dipole approx-
imation calculation using infrared measurements [47] to fix
the dipole transition strength for ν3 stretching mode. The
inset presents the Born-dipole approximation for ν4 bending
mode. Total : present elastic MERT + ν3(Born)+ ν4 (Born)
is compared with recommendation of Christophorou et al.
[3] and experimental data of Jones [11], Szmytkowski et al.
[10], Sueoka et al. [12] and Lunt et al. [9] normalized to
Szmytkowski et al. at 1eV

where Aν (in km/mol units) is the integrated IR inten-
sity.

In the present work we used Aν and ων values pro-
vided by Bishop and Cheung [47]: 935.3 km/mol and
1283 cm−1 for ν3 mode and 12.3 km/mol and 632 cm−1

for ν4 mode. Both ν3 and ν4 are triply degenerate [3].
The Born-dipole vibrational cross section were added
to MERT-derived IECS in order to determine total
cross section (TCS). The obtained result for α = 19.5a3

0
remains in very good agreement with available experi-
mental TCS below 5 eV, see Fig. 4.

A stringent test for the reliability of recommended
cross sections is to use them as input in a calcula-
tion of electron transport through a dense gas in a
uniform electric field where multiple scattering takes
place. Correct cross sections for all possible scattering
processes combined with reliable numerical procedures
should provide transport coefficients such as drift veloc-
ity, the transverse (DT ) and longitudinal (DL) diffusion
coefficients in agreement with swarm experiments. Elec-
tron swarm techniques allow to determine the trans-
port parameters much more precisely [48] than the
electron beam techniques (where only single scattering
occurs) allows for determination of the scattering cross
sections. Therefore, the transport parameters are fre-
quently used to test different cross-section “sets.” How-
ever, the problem of uniqueness is the main drawback
of such a test since different cross-section “sets” can
sometimes lead to “the same transport” parameters.
Consequently, in the case of CF4, few different complete
cross-section databases have been proposed in the past
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Fig. 5 Swarm parameters: drift velocity, ratio of trans-
verse (DT /μ) and longitudinal (DL/μ) diffusion coefficients
to electron mobility as a function of reduced electric field
(E/N) transporting electrons through CF4 gas. Present
Monte Carlo calculations using METHES code [29] with
present MERT elastic cross sections (CS) and other CS
from Bordage database [50] are compared with experimen-
tal data: Naidu and Prasad [52], Snelson [53], Christophorou
et al. (1979 [54], 1996 [3] and 1999 [55]), Hunter et al. [56],
Schmidt and Polenz [57], Va’vra et al. [58] Curtis et al. [15]
and Lakshminarasimha et al. [59]

[16,49,50]—see LXCat Web site (https://us.lxcat.net/
home/) where a large number of swarm-related data are
assembled. In particular, Bordage et al. [50] showed that
the cross-section “set” recommended by Christophorou
et al. [3] is consistent with available experimental elec-
tron drift coefficients. Additional check of this “set”
was also done by Vasenkov [51]. The recommended
cross sections determined by Christophorou were con-
structed almost purely from the results of electron beam
experiments. In Fig. 5 we show the results of present
Monte Carlo calculations of drift velocity, transverse
and longitudinal diffusion coefficients as a function of
reduced electric field using METHES code [29]. To the
best of our knowledge, so far this Monte Carlo code
was tested for CF4 [29] using only the Hayashi cross-
section database [16]. Here as the input data we used
the original cross-section “set” from Bordage database
and the same “set” with MTCS replaced by presently
derived MERT data (for α = 19.5a3

0) in the region of
Ramsauer–Townsend minimum (i.e., below 5 eV). Both
results are in perfect agreement with each other demon-
strating that the difference in MTCS shown in Fig. 3
does not affect the swarm analysis significantly. More-
over, present calculations remain in very good agree-
ment with swarm experimental data [52–59] even for
very low electric field despite the lack of contribution
from superelastic collisions in METHES code. Interest-
ingly, the inclusion of this phenomenon was necessary in
multiterm Boltzmann analysis of transport parameters
in Ref. [50] in order to avoid unphysical results.

4 Summary

In this paper we showed that the modified effective
range theory (MERT) in the form proposed by Idzi-
aszek and Karwasz [24] can be used to describe elastic
differential, integral and momentum transfer cross sec-
tions for electron collision with such complex molecule
as CF4 in relatively wide energy range: from zero up
to 5 eV, i.e., just below energy regime for the resonant
scattering. The only available experimental elastic cross
sections of Mann and Linder [13] and Boesten et al. [32]
were proven to be consistent with each other within the
frame of this single theoretical approach in the entire
energy range under consideration. In this way we pro-
vide a simple tool allowing to extrapolate e−-CF4 elas-
tic cross sections measured accurately at higher ener-
gies down to very low-energy regions that are hardly
accessible by experiments (and very difficult for sophis-
ticated quantum-mechanical computations). In particu-
lar, we confirmed the presence of Ramsauer–Townsend
minimum in integral cross sections at very low ener-
gies. Presently derived elastic data in the region of R-
T minimum are consistent with the extensive assess-
ment of e−−CF4 cross sections done by Christophorou
et al. [3]. The effect of R-T minimum is not visible
clearly in total cross sections (TCS) because it is accom-
panied by strong excitation of asymmetric vibrational
modes of CF4 molecule. Due to the relatively large
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transition dipole amplitudes associated with these exci-
tations, the Born-dipole approximation is sufficient to
describe vibrational cross sections in the near thresh-
old region. The consistency check of recommended elas-
tic and vibrational data was done through the calcula-
tion of electron swarm parameters using Monte Carlo
METHES code [29]. Knowledge of partitioning into
the elastic and vibrational channels at low energies, as
proved here, should be useful in models of plasma etch-
ing [60].

Due to some ambiguities in the literature regarding
the value of dipole polarizability of CF4 molecule, we
also tested how this quantity affects the current model,
in particular with regard to the estimation of cross sec-
tions toward zero energy. We found that MERT-derived
s-wave scattering length decreased almost linearly from
−2.0a0 to −3.06a0 with the rise of polarizability from
19.5a3

0 to 25.9a3
0. Estimated range for the scattering

length remains consistent with some other predictions
available in the literature.

Present MERT can be also useful in estimation of
positron cross sections down to zero energy once some
data for elastic scattering will be measured at few eV.
Positron beams with energy of about 1eV are easily
accessible with currently available techniques (see, e.g.,
[61–63]). Since CF4 is used as a buffer gas in positron
traps, reliable cross sections for low-energy e+−CF4

collision are necessary to study positron transport in
CF4 environment in order to improve the efficiency of
positron trapping techniques [64]. Present MERT can
be a great asset in the search for benchmark cross sec-
tions describing low-energy positron-CF4 scattering.
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