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Total electron scattering cross sections of CiHl C,H,, C,H,, and C,Hg
in the energy range 206-1400 eV
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The total electron scattering cross section of,Ci€,H,, C,H,, and GHg molecules have been obtained
for 200—1400-eV energy electrons by measuring the attenuation of the electron beam through a gas cell. The
present cross sections are compared to existing experimental cross sections as well as to theoretical predictions.
The correlation between the total electron scattering cross section and the number of target-molecule electrons

is discussed.
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[. INTRODUCTION rangement which was designed to measure the total electron

scattering cross section based on the linear transmission tech-

In recent years, there has been increased interest in thigque. A Kimbal Physics Model EFG-7 electron gun was
study of the total cross section for electron scattering froonmounted on a vacuum chamber maintained in the low
atoms and molecules at intermediate electron enetd@s- 10 7 Torr region. During the attenuation current measure-
5000 eV} [1-16]. Accurate cross-section measurements ament the pressure in the vacuum chamber was 1
these energies are requiréd to develop theoretical models X 10 ° Torr or better. A well-collimated narrow electron
in understanding the interaction process @Bdin applica- beam was obtained from the gun by passing the electron
tions in atmospheric physics, astrophysics, plasma physiceeam through three well-aligned 0.03 {8.76 mn) diameter
and chemical physics. In general, cross-section measurepertures. Then the collimated electron beam, typically about
ments above 400 eV energy are scarce, particularly for the0 °-10 13 A, enters the gas cell, which was defined by
simple hydrocarbons CH C,H,, C,H,, and GHg. Only  two apertures, 0.04 ifl mm) diameter, separated by 16—32
three experimental groups have performed cross-sectioom variable length. The gas pressure in the gas cell was
measurements of hydrocarbons above 400 eV energy; two afieasured by an MKS Baratron 126 A capacitance manom-
these are for Clland the other is for gH,. Zeccaet al.[17]  eter. Electrons emerging from the gas cell enter a Comstock
measured the total scattering cross section of, Gk  AC 902 double-focusing electrostatic analyzESA) whose
1-4000-eV energy electrons. Xirgf al. [4] measured the entrance is 4.5 cm away from the exit of the gas cell. The
cross sections of £, for the energy range 400-2600 eV ESA was operated in 50 eV constant-energy transmission
and made a comparison to the cross sections of CO, theode with 1 mm diameter entrance and exit apertures. At
isoelectronic partner of ££,. Only one other measurement this setting the ESA energy resoluti¢full width at half
has been performed, recently by Garcia and Mahgtofor ~ maximum(FWHM)] is 0.75 eV or better. The ESA has been
CH, for the energy range 400—-5000 eV. Garcia and Maneraised in the past in collecting Auger spectra in eight different
found that their measurements are in agreement with thexperimentd21] where the transmission properties, resolu-
Bethe-Born theory[18] but 6—40% higher than those of tion, energy scale, and efficiency have been discussed. The
Zeccaet al. [17] for energies 1000 eV and above. No total ESA energy scale, measured to 0.1 eV or better, has been
electron scattering cross sections are reported in the literatug@librated against the argon LMM and neon KLL Auger
for C,H, and GHg above 400 eV energy. lines. In the present experiment transmitted electrons were

The present experiment was undertaken to measure totabllected on a Faraday cup and the intensity was measured
electron scattering cross sections of GCH,H,, C,H,, and

C,Hg for 200—1400-eV electron energies. Although the cross RGA

sections of CH and GH, have been measured previously lon Gauge L Fafadayﬁﬂ

[3,4,17 for this energy range, these measurements are re£igstron Cup

peated in this experiment for the comparison purposes. Fur- Gas Inlet

ther, the energy range was extended down to 200 eV to com-, 'H"

pare the cross-section measurements i, and GHg with ™ Gas Cell ESA

those of Sueoka and Mdri9,2( in the energy range 1-400 | |

eV. The present experimental cross sections are also com IJ_LI

pared with existing theoretical predictions. The correlation l %

between the total electron scattering cross section and the  To the pump Capacitance

number of target-molecule electrons is discussed. Manometer _I l |/

Il. EXPERIMENT To the pump

Given in Fig. 1 is the schematic of the experimental ar- FIG. 1. The experimental arrangement.
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by a Keithley Model 6517-A electrometer. Both ESA and mm each, and., is estimated23] to be about 2 mm. There-
Faraday cup were housed in a vacuum chamber maintainddre the interaction length in this experiment is essentially
at 1x 10 © Torr or better. During the beam intensity mea- the geometrical length with 2% or less error. Also, several
surement with gas present in the gas cell the pressure in thauthors[3,4,17 have shown that the effective length is es-
region was maintained atX10 ° Torr or better. The ESA, sentially the geometrical length if the geometrical length is
gas cell, electron gun, and entire electron optics system werks cm or greater. In order to verify this statement for the
shielded from the earth’s magnetic field and other stray magpresent experimental setup, the total scattering cross section

netic fields by 0.06 in. thickx metal. of N, was measured for 400—1200-eV electron energies for
three different gas-cell lengths, 16.0, 24.5, and 32.0 cm.
Ill. PROCEDURE AND ERRORS These cross sections were found to be independent of the

gas-cell length within the experimental uncertainties and
The experimental procedure is based on the measuremeagree well with those published in the literat(ize]. A gas-
of electron beam intensity attenuation through a gas. Theell length of 24.5 cm was used in the measurements of the
intensities of the primary beam and attenuated beam, respelisted cross sections in this paper.
tively, arely andl, The cross sections in the present experiment were per-
formed using 10°-10 '3 A electron currents and 0.5-10
I =1,e” 7Pt mTorr gas pressures. For these current and pressure ranges
no dependence of the cross section was found either on cur-
wheren is the number density of molecules at 1 mTorr pres-fent or on pressure. In order to avoid possible systematic
sure,p is the pressure in units of mTolr,is the electron-gas €rrors due to the small drift in electron current, the following
interacting length in m, and- is the total electron scattering Procedure was adopted during the data collection. First, the
cross section in A According to this relationship the varia- €electron beam was passed through the gas cell in the absence
tion of In(1/1,) with the pressurép) in mTorr is a straight line  of the gas, and the current readinig)(on the Faraday cup
whose slope is a measure of the total scattering cross sectiofas recorded. Then the gas cell was filled with the gas to a
An accurate determination of scattering cross section represelected pressure and the attenuated cufrgntas re-
quires an accurate measuremenppf,, |, andL. corded. Thereafter the gas inlet was closed and the gas cell
In the present experiment, the pressure was measured Was pumped down to 16 Torr or lower pressure and the
an MKS Baratron 626 A capacitance manometer. Possibleeam current was monitored to make sure the nonattenuated
errors in the pressure measurement by this device are mainfurrent returns to its initial valuel §). This procedure was
due to the zero drifts in the scale and the temperature diffefollowed for every set ol andl measurements. The error
ences between the capacitance manometer head and the gae¢ to the drift in current during the experiment is 0.5% or
chamber. According to the manufacturer’s specifications, théess for 200—1300 eV energies and 2—-3 % for 1400 eV en-
combined error due to zero drifts and temperature differencegrgy.
is estimated to be 2% or less. Research-grade target gases of,CK,H,, C,H,, and
The primary beam current §) and attenuated beam cur- C;Hg from Mattheson Co., Laporte, Texas, all within mini-
rent (I) were measured using the ESA, Faraday cup, anghum purity 99.5% or better, were used. An on-site RGA,
electrometer combination. Since the ESA deflects inelastiattached to the vacuum system where the ESA was housed,
cally scattered forward electrorig, andl could be measured was used to make sure there was no air leak or other gas
accurately by passing the electron beam through the gas célpbntaminant in the gas transport system.
and measuring the current on the Faraday cup in the absence Errors in the electron scattering cross-section measure-
and in the presence of the gas. However, in this methodhents are as followg1) determination of interaction length
electrons elastically scattered in the forward direction are not2%); (2) pressure measureme(@%); (3) contribution of 0°
distinguished. In the present experiment the solid angle sulglastic scattering0.5%); (4) beam current measurement, in-
tended by the entrance of the ESA and center of the gas cetluding the possible drift in the current during the experi-
is about 1. 10" ° sr. Contributions from the 0° elastic scat- ment(1%); (5) statistical errors in determination of the slope
tering to this solid angle were estimated by extrapolating thé1%). These random errors combine in quadrature to give an
experimental elastic scattering differential cross sections dedverall error assignment of 3% or less for the electron ener-
termined by Fink, Jost, and Herrmaf22] for C,H,, C,H,,  gies 200-1300 eV. At 1400 eV the beam current was not as
and GHg. It was found that the greatest error due to thestable as at other energies. As a result there is an additional
contribution of 0° elastic scattering is about 0.5% for the3% error, giving a total error of 5% or less, in the measure-
energies and gases in the present experiment. ments at this energy.
The gas-electron interaction length) is the only other
measurement required to determine the total scattering cross
section in this experiment. Considering the effect of effusion,
the interaction length can be written B L=Ly+d;+d, The variation of Inl/l) with the pressure of &Hg gas is
+L,, wherelL, is the geometric lengthd; andd, are the given in Fig. 2 for several electron energies between 200 and
diameters of the apertures of the gas cell, agds the cor- 1400 eV. The variation of I{l) with pressure for the gases
rection factor due to the differential pumping conditions. InCH,, C,H,, and GH, also demonstrated the same type of
the present experimehy; is 24.5 cm,d, andd, are about 1  pattern. The experimental points lie on a straight line whose

IV. RESULTS
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0 cross section while the Born approximation gives the total
elastic cross section. Therefore the combined Bethe-Born
theory[25] expresses the total cross sectien in terms of

the following analytical formula:

2

00 eV E
2
+4Mg;In

E

E
4Ctot§

o R
ﬁ W_ag =Agt+ BeIE +Cyq
eV
400eV 1 v wherekE is the incident energy in e\R is the Rydberg en-
800 ergy, ag is the Bohr radius, anfg, Bg, Cq, Mo, andCiy
5 200V are constants that depend on the physical properties of the
™ 608.eV target molecule. These constants have been calculad
for several molecules, including Grand GH,, but not for
C,H, and GHg.
-4 , , , In the SCOP method, a complex optical potential is con-
0 2 4 6 8 10 structed based on molecular wave functions and charge den-
Pressure (mTorr) sities and is employed to determine the total cross sections.
Several author$10,13,14,27 have employed this method
and calculated the cross sections for many molecules, includ-
ing CH,, C,H,, and GH,.
slope is equivalent to the product of the number density per The additivity rule, first introduced by Joshupura and Vi-

mTorr (n), the gas-electron interaction length), and the hodkumar{27], predicts the total cross secti¢a) as
total scattering cross sectidr). Using the number density

In(1/1,)
by

FIG. 2. Variation of In{/ly) with pressure for ¢Hg gas at se-
lected energies ranging from 200 to 1400 eV.

o Eq| B
3.5x 10 m~2 per mTorr and the interaction length 24.5 cm, —=A 9 ,
these slopes were converted into cross sections. For a given 4 keV

electron energy, cross sections obtained in this manner forh E is the elect in k dB
four to five independent experimental runs were averaged'€"€Eo I the electron energy in keVa andB are param-

Listed in Table | are the averaged cross sections as a functiche’s that glepend on the_ molecular propemes O.f the target
of energy. gas, andy is the Bohr radius. Based on this equation, Garcia

and Monerd 12] proposed an empirical model for the cross

sections at intermediate electron energ&30—-5000 eV. In
V. DISCUSSION this mode|,

There are three primary theoretical approaches to predict- E | -078
ing the total electron scattering cross sectiggthe Bethe- . (_) ,
Born approximatiorj 25,26, (2) the spherical complex opti- ao keV
cal potentia(SCOB method[14], and(3) the additivity rule ) )
method [27]. The Bethe theory defines the total inelastic WhereZ and « are, respectively, the number of electrons in

the target molecule and the polarizabiliip units ofag) of

TABLE 1. Total cross section for electron scattering on GH the target molecule.

o

o
—0.42+0.1—5+0.7
2h)

C,H,, C,H,4, and GHg in units of 10 2° m? for intermediate elec- Figures 3—6 display the variation of experimental cross
tron energies. sections produced in the present experiment with the electron
energy. In the same figures the experimental cross sections

Energy produced in other laboratories as well as the existing theo-
(eVv) CH, C,H, C,H, C,Hg retical predictions are given for comparison. As can be seen

from Fig. 3, the experimental cross sections produced in the
present experiment are in good agreement with those of oth-
300 4.55-0.18 548005 7.030.20 7.51021 ers within the experimental uncertainties, except at 200 eV
400 3.96:0.07 5.120.16 5.96-0.16 6.42-0.19 energy. At this energy the cross-section measurements in the
500 3.20:0.13 4.50-0.12 481016 53k0.17  present experiment are in agreement with the measurement
600 2.7420.06 3.990.11 4.06-0.14 4.66-0.13  of Sueoka and Morf19] but about 7—8 % less than the one
700 2.44:0.10 3.530.13 3.73¢0.11 4.110.15 by Dababnelet al.[28]. The cross sections predicted by the
800 2.19:0.06 3.10-0.11 3.430.07 3.63-0.15 model proposed by Garcia and Man¢t@] are in very good
900 2.08:0.05 2.88-0.11 3.13:0.09 3.40-0.14 agreement with the experimental values, but the predictions
1000 1.8%0.07 2.62-0.09 2.93x0.12 3.06:0.12 by Jain and Baluj&Bethe-Born approximation 14] are con-
1100 1.7%#0.07 2.420.10 2.670.10 2.82-0.13 sistently lower(5—-12 % than the experimental values. The
1200 1.57-0.05 2.23-0.08 2.46-0.09 2.55-0.11 theoretical predictions by Jiang, Sun, and \Wa8|, available
1300 1.46-0.07 1.950.08 2.15-0.10 2.36-0.09 only up to 1000 eV energy, do not follow the same variation
1400 1.36-0.10 1.850.09 1.94-0.12 2.15-0.12 as the experimental cross sections. These cross sections are
5-15% higher than the experimental values at energies be-

200 5.78:0.20 6.52:0.18 8.60-0.22 8.83:0.20
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FIG. 3. Total electron scattering cross sections of,CGH Energy (eV)

102" m®. Open squares are the present measurements. Solid in- £ig. 4. Total electron scattering cross sections gHL in
verted triangles, open circle_s, open triangles, qnd solid diamondfofzo m?. Open squares are the present measurements. Open
are, respectively, the experimental cross sections of Garcia and,qjes are by Xinget al.[4] and open triangles are by Sueoka and
Manero[3], Zeccaet al.[17], Sueoka and Mofi19], and Dababneh viqri [20]. The dotted and dashed lines are, respectively, the theo-
et al. [2_8]. The d_ot_ted, dashed, and solid lines are, respectlve[y, theatical predictions by the SCOP meth6thin and Balujg14]) and
theoretical predictions by Jing, Sun, and Was], Jain and Baluja  ,y gethe-Born theoryJain and Balujd14]) while the solid line is
[14], and Garcia and Maneid2]. the theoretical prediction by an empirical model of Garcia and
Manero[12].
low 500 eV while in the energy range 600—1000 eV there is
near agreement between theoretical predictions and experi-
mental values. 12
As can be seen from Fig. 4 the experimental cross sec:
tions of GH, produced in this investigation are in good
agreement with those of Xingt al. [4] for the energy range 10 Ref. 13 BCoP
400-1400 eV. Also, the cross sections produced in this labo- L
ratory below 400 eV energy are in fair agreement with those 3
of Sueoka and Mor{20]. For GH,, both the theoretical
predictions by Jain and Balujd4] (one based on the Bethe- _
Born approximation and the other based on the spherica‘s
complex optical potential methodare in close agreement § p
with the experimental values for energies higher than 500 eV.= X\
But for energies lower than 500 eV, the predictions by both g QN

models are 10—20 % higher than the experimental cross sec 4 i
tions. Also, the predictions based on the model proposed by ﬁ"ﬂ%
Garcia and Manerp12] are 2—10 % lower than the experi- ... Ref::12 {empirical)
mental values for energies 500 eV and above where the k”ﬂ:
model is applicable. 2 T —— ]
As displayed in Fig. 5, the experimental cross sections of
C,H, produced in this experiment in the 200—400 eV energy
range are 7—10% higher than those of Sueoka and Mori
[19]. No other experimental cross sections are available for
comparison with the present measurements to our knowl-
edge. Itis interesting to see that the theoretical predictions by G, 5. Total electron scattering cross sections gHE in
the model proposed by Garcia and Mangt@] are in very 107202, Open squares are the present measurements while the
good agreement with the experimental values for the entirgpen circles are the measurements by Sueoka and |19} The
energy range in this experiment. But the theoretical predicsolid curve is the prediction by Garcia and Mangt@] while the
tions by Jian, Sun, and War{g3] are 0—30 % higher than dotted curve is the theoretical prediction by Jian, Sun, and Wan
the experimental values, with the greatest deviation at lowej13].

0 500 1000 1500 2000
Energy (eV)
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FIG. 6. Total electron scattering cross sections gHg in No. of Target Electrons

102 m2, Open squares are the present measurements while the
open circles are the measurements by Sueoka and [8}i The
solid curve is the prediction by Garcia and Mangt@].

FIG. 7. Variation of the total cross section with the number of
target electrons for selected energies between 50 and 1400 eV.

] _ i ) (50 and 100 eV of Sueoka and Mori19,2Q are scaled
energies. In Fig. 6, where the experimental cross sections Qfccordingly. This figure clearly shows a linear relationship
C;He produced in the present experiment are compared Witheyeen the measured total electron scattering cross section

those of the model proposed by Garcia and Mafe®, itis  4nq the number of electrons in the target molecule. Currently

clear that the model agrees closely with the experimentalnother experiment is in progress to study this correlation
measurements. No theoretical cross sections based on thﬁther.

Bethe-Born approximation or the SCOP method are available

for comparison. As can be seen from Fig. 6_, the experimental VI. CONCLUSION

values of Sueoka and Mqari9] for C,Hg are in close agree-

ment with those of the present experiment in the region Total electron scattering cross sections of CHC,H,,

where the energies of the two experiments overlap. C,H,, and GHg have been measured for 200-1400-eV
Both experimentalistf4,11,12,29 and theorist§14] have  electrons. The measured cross sections are in good agree-

discussed the correlation between the number of targetnent with the empirical model proposed by Garcia and Mori

molecule electrons and the total electron scattering cross seft2] for CH,, C,H,, and GHg, but the model underpredict

tion. In order to examine this feature further, the experimenthe cross sections of ;8,. A nearly linear relationship is

tal cross sections produced in this experiment were scaled &vident between the total scattering cross section and the

a function of the number of target electrons in the moleculenumber of target-molecule electrons for the energy range

for 200—1400 eV projectile electron energi€sg. 7). Inthe  50-1400 eV for the four molecules GHC,H,, C,H,, and

same figure the experimental cross sections at lower energi€sHsg.
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