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The atomic and molecular data for collision proces
involving electron impact on CO, CO2, and H2O are not only
of astrophysical interest but also important for practical
plications such as the modeling of various discharge, plas
and laser systems.

Two compilations of cross section data for CO have be
available up to now. One is by Kanik et al. [1], who deriv
recommended data from experimental measurements for
and elastic scattering, vibrational excitation, and total ioni
tion. The other is on the cross sections for vibrational ex
tation, electronic excitation, dissociation, and ionization,
Liu and Victor [2]. For electronic excitation they additional
made use of theoretical calculations.

The present compilation is based on experimental d
sets except for the recommended data of Ref. [1] with a sl
revision based on recent measurements for vibrational
citation. All relevant papers published through Decem
1999 were collected and surveyed, and the best meas
data for various processes in our judgment, based on co
tency check or experimental uncertainty, have been plotte
separate graphs. In cases where only a single measurem
available, we have adopted it as the recommended valu
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some cases where there exist large variations among di
ent measurements, we have renormalized the data sets t
most reliable one in order to extend our recommended d
set across as wide an energy range as possible.

In order to facilitate the input of numerical data for pra
tical applications, we also present analytical least-squares
to all the recommended data sets reported here.

Data Sources

Carbon Monoxide Molecule

Total scattering. Measurements of total cross sectio
were carried out by Garc´ıa et al. [3] in the energy range
380–5200 eV and by Kanik et al. [4] in the range 5–300 e
using a beam attenuation technique. Kanik et al. [1] c
ically reviewed earlier measurements and recommende
data set in the energy range 1–1000 eV. We have adop
their recommended data set in this energy range, and
impact energies above 1000 eV, we adopted the value
Garcı́a et al. [3] as quoted in Ref. [1]. More recently, Karwa
et al. [5] remeasured the cross sections in the energy ra
80–4000 eV with a statistical error of±3% using a modified
4 Atomic Data and Nuclear Data Tables, Vol. 79, No. 1, September 2001
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Ramsauer-type electron spectrometer. Their cross sec
fall off more rapidly at high energies than the present reco
mended data set (Graph 1).

Elastic scattering. Kanik et al. [1] provided recom-
mended cross sections for elastic scattering; the data s
plotted here (Graph 2) along with a recent crossed-beam m
surement by Gibson et al. [6] having an estimated uncerta
of ±15% in the energy range 1–30 eV.

Momentum transfer cross sections (Graph 3) with
estimated uncertainty of±30% in the energy range 3–100 e
have been taken from Gibson et al. [6] and from Tanaka e
[7]. These two measurements join smoothly. In order to ma
the extrapolation reliable, we have also utilized the results
Land [8] and Haddad and Milloy [9] at energies below 1 e
and a critical compilation by Itikawa [10] at energies abo
100 eV.

Vibrational excitation. Kanik et al. [1] provided rec-
ommended data for thev= 0→ 1 transition. The second pea
at 20 eV is about an order of magnitude smaller than tha
the new data of Gibson et al. [6]. We have adopted these
results in the energy range 1–30 eV (Graph 4). The unc
tainty is estimated to be±20%.

Electronic excitation. Kanik et al. [1] deduced the to
tal cross section for electronic excitation to all accessi
states by subtracting the ionization, elastic scattering,
vibrational excitation cross sections from the total scatt
ing cross section. The vibrational excitation cross secti
adopted here (Graph 5) essentially coincide with their r
ommended data set.

Vibronic excitation. Mumma et al. [11] measured th
relative cross sections for excitation to the (A 15; v =
0, 1, 2, 3, 4) bands in the energy range from threshold
350 eV. These data were put on an absolute scale by
malizing to the cross section for production of Lyman-α ra-
diation by dissociative excitation of H2 at 300 eV. The uncer-
tainty is estimated to be±13%. Cross sections for all value
of v show a similar energy dependence with a maximum
around 30 eV. We have adopted these Mumma et al. va
(Graphs 6–10). Cross sections summed overv = 0–4 were
also reported by Zobel et al. [12] and Zetner et al. [13]
the narrow energy range from threshold to 15 eV. The cr
section value of Ref. [13] at 15 eV is about 50% larger th
the corresponding value of Ref. [11], which is almost equ
to the emission cross sections summed over all vibratio
states (see Graph 20). Therefore we have omitted these
sets. Wells et al. [14] and Manson and Newell [15] measu
the cross sections for excitation to theI 16− state (Graph 11).
Kanik et al. [16] measured the cross sections for excitation
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theB 16+ (Graph 12) andC 16+ (Graph 13) states at 100 eV
impact energy by using electron energy-loss spectrosc
The experimental uncertainty is estimated to be±26%. To
estimate the excitation cross sections at other impact e
gies, we have assumed the energy dependence to be ide
to the respective emission cross sections correspondin
the transitions from the (B 16+; v = 0) and (C 16+; v = 0)
bands to the ground (X 16+; v = 0) band (see Graphs 17 an
18). Kanik et al. [16] also reported an absolute cross sec
of 4.43× 10−18 cm2 for excitation to the (E 15; v = 0) band
at 100 eV. This value was used by Ciocca et al. [17] to n
malize the excitation function they measured. Using analy
fits of the form of a modified Born-approximation equatio
they derived a data set adopted here (Graph 14).

Cross sections for excitation to the tripleta 35 state
were measured by LeClair et al. [18], Zobel et al. [12
Furlong and Newell [19], and Zetner et al. [13]. Except f
the data set of Ref. [18] adopted here (Graph 15), all ot
results fall off steeply compared with the emission cross s
tions for the Cameron band (see Graph 21). Excitation cr
sections to thea′ 36+ andd 31 states are also available i
Refs. [12, 13]. However, we have omitted them because
measured energy range is too narrow.

Emission from CO∗. The relative emission cross sec
tions for the bands of (A 15–X 16+; v = 0–1) at 1597Å,
(B 16+–X 16+; v = 0–0) at 1150Å, and (C 16+–X 16+;
v = 0–0) at 1088Å for excited CO molecules were mea
sured by Aarts and de Heer [20] in the energy range 0.1–5 k
These data were normalized at 500 eV to the data of Las
tre and co-workers [21]. Mumma et al. [11] remeasured
cross sections corresponding to the first emission band
reported results in good agreement with those of Ref. [
in the overlapping energy range 100–200 eV (Graph 16)
remeasurement with a resolution of 0.25Å was recently re-
ported by Kanik et al. [22] for the (B 16+–X 16+; v = 0–0)
and (C 16+–X 16+; v = 0–0) emission bands at impact en
ergies of 20, 100, and 200 eV. Their relative cross secti
were put on an absolute scale by normalizing, at 200 eV
the emission cross section of the 833.8Å O II line, which was
determined by James et al. [23] with a low spectral reso
tion of 5Å. The uncertainty of the cross sections is estima
to be±25%. For the (B 16+–X 16+; v = 0–0) emission
band, the results of Refs. [20] and [22] agree well with ea
other (Graph 17). On the other hand, the result of Ref. [
for the (C 16+–X 16+; v = 0–0) band had to be reduce
by a factor of about 1.8 to fit that of Ref. [22] (Graph 18
Ciocca et al. [17] performed measurements of the (E 15–
X 16+; v = 0–0) emission spectra at 30, 75, and 100
electron impact with a high resolution of 0.036Å. They also
5 Atomic Data and Nuclear Data Tables, Vol. 79, No. 1, September 2001
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determined the absolute value of the emission cross sec
at 100 eV of 0.47× 10−18 cm2. The ratio of emission cross
section to excitation cross section is about 10%. Our reco
mended data set has been derived from their analytic fit for
excitation cross section based on a modified Born equa
(Graph 19).

Ajello [24] measured the relative cross sections for t
(A 15–X 16+) band system in the wavelength range
1270–2000Å (Graph 20) and estimated their absolute v
ues by normalizing to the cross sections of thev = 0–1 band
measured by Aarts and de Heer [20]. It was found that
emission forv = 0–1 is only a few percent of the total ban
emission.

The cross sections for the spin-forbidden Cameron b
(a 35–X 16+; v = 1–4) at 2389̊A were measured by Ajello
[24]. The cross section values have been renormalize
that at 11 eV (maximum) of Erdman and Zipf [25] wh
corrected for the lifetime and admixture of other transitio
(Graph 21).

Ionization. Single ionization cross sections were me
sured by Hille and M¨ark [26] with a double-focusing mas
spectrometer and by Freund et al. [27] using a crossed-b
technique. Hille and M¨ark [26] also reported double ion
ization cross sections. Dissociative ionization cross secti
for C+ and O+ production were measured by Orient an
Srivastava [28] with a quadrupole mass spectrometer. A
cent extensive measurement with a time-of-flight spectrom
ter was made by Tian and Vidal [29] for the cross sections
total, partial, and dissociative ionization in the energy ran
from threshold to 600 eV with an uncertainty of±10%. Their
results are adopted here (Graphs 22–28).

The total ionization cross sections adopted here (Gr
22) are also compared with the calculation based on
binary-encounter-Bethe model by Hwang et al. [30].

Ionization excitation to CO+∗. Cross sections for ion-
ization excitation to theA 25 and B 26+ band systems
were first measured by Skubenich [31] in the energy ra
from threshold to 150 eV. Aarts and de Heer [32] reme
sured these cross sections with estimated uncertaintie
±11% and±20%, respectively, in the energy range 5
5000 eV. We have renormalized the cross sections of Ref.
to those of Ref. [32], because the former are more th
an order of magnitude smaller than the latter (Graphs
and 31).

Aarts and de Heer [32] also derived the cross section
ionization to the groundX 26+ band system in the energ
range 50–1000 eV (Graph 29) by subtraction of theA 25

and B 26+ cross sections from the single ionization cro
section estimated from earlier measurements for total
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dissociative ionization, which is in fairly good agreeme
with the present recommended data.

Emission from CO+∗. The cross sections for th
two emission bands of (A 25–X 26+; v = 3–0) at 4011Å
(Graph 32) and (B 26+–X 26+; v = 0–0) at 2190̊A (Graph
33) were given by Aarts and de Heer [32] in the energy ran
50–5000 eV. The uncertainties are estimated to be±11% and
±20% for these two bands, respectively. The former emiss
band was remeasured by Ajello [24] at energy range be
300 eV. Both results agree with each other within an unc
tainty of±15%. Ajello [24] also reported the total emissio
cross sections for the (A25–X 26+) (Graph 34) and (B 26+–
X 26+) (Graph 35) band systems. The ratios ofv = 3–0 and
v = 0–0 band emission to total emission are 12% and 37
respectively.

Dissociation. The cross section for dissociation t
form the excited state atoms of C(3P) and O(3P) was first
measured by Cosby [33] at impact energies from thresh
to 198.5 eV (Graph 36). The experimental uncertainty is
timated to be±26%. The cross section for O(1S) production
was provided by LeClair et al. [18] in the energy range fro
threshold to 500 eV (Graph 37) with an uncertainty of±36%.

Emission from C∗, O∗, C+∗, and O+∗. Aarts and de
Heer [20] measured the emission cross sections in
energy range 100–5000 eV for the following transition
C I(2p3d 3Do, 3Fo, 2p4s 3Po→ 2p2 3P) at 1278–1280̊A
(Graph 38), OI(2p33s 3So→ 2p4 3P) at 1304 Å
(Graph 39), and CII(2s2p2 2D→ 2s22p 2Po) at 1335Å
(Graph 40). Ajello [24] measured the same emission cr
sections at low energies from threshold to 300 eV. Agr
ment between the two measurements in the overlapping
ergy region seems to be good. The emission cross sec
at 1304Å was also measured by Lawrence [34] in add
tion to that for the OI(2p33p 3P→ 2p33s 3So) transition at
8447Å (Graph 41).

James et al. [23] identified a number of emission lin
induced by electron impact at 20 and 200 eV over the wa
length range 480–1200̊A and reported the respective emi
sion cross sections of the atomic dissociation fragments.

Carbon Dioxide Molecule

Total scattering. Total cross sections (Graph 42) we
measured by Hoffman et al. [35], Kwan et al. [36], and Sueo
and Mori [37]. Later, extensive measurements were made
Szmytkowski et al. [38] and Garcia and Manero [39] in t
energy ranges 0.5–3000 and 400–5000 eV, respectively.
experimental uncertainty of Ref. [38], where an attenuat
method was employed for the energy range below 80 eV
6 Atomic Data and Nuclear Data Tables, Vol. 79, No. 1, September 2001
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a modified Ramsauer technique above 60 eV, is estima
to be±6%. The measurement in Ref. [39], made using
attenuation technique, has an estimated uncertainty of±3%.

Elastic scattering. The elastic scattering (Graph 43
and momentum transfer (Graph 44) cross sections were m
sured by Register et al. [40] in the energy range 4–50 eV
by Iga et al. [41, 42] in the high energy region 100–1000
with an estimated uncertainty of±20%. Tanaka et al. [43]
reported both cross sections in the energy range 1.5–100
The uncertainty is estimated to be±50%. Recently, Gibson
et al. [44] remeasured the corresponding cross sections
1–50 eV with an estimated uncertainty of±25%. Their elas-
tic scattering cross section is systematically smaller by ab
15% than that of Ref. [43] in the whole overlapping ener
range. Their results have been adopted only in the ene
range below 3 eV.

A swarm experiment of Nakamura [45] is available f
the momentum transfer cross section data below 100 eV.
data agree well with the result of Ref. [44].

Ionization. A measurement for the single and doub
ionization cross sections using a double-focusing mass s
trometer was performed by M¨ark and Hille [46]. Crossed-
beam measurements for the single ionization cross sec
were also reported by Freund et al. [27] and Krishnakum
[47].

A more extensive and accurate measurement usin
time-of-flight mass spectrometer was carried out by Stra
et al. [48] for total, partial, and dissociative ionization in th
energy range from threshold to 1000 eV. The experimen
uncertainty is estimated to be±10%. A similar measure-
ment was performed by Tian and Vidal [49] in the ener
range up to 300 eV. The two sets of results are in good ag
ment. In addition these authors have also reported the abs
cross sections for different ion-pair and ion-neutral dissoc
tive channels in single to quadruple ionization [50]. In t
present compilation we have adopted the data sets for t
(Graph 45) and partial (Graphs 46 and 53) ionization, and
data sets of dissociative channels in single ionization (Gra
47–52) and in double ionization (Graphs 54–58). Cross s
tions for other dissociative channels are small, being on
order of 10−19 cm2 or less.

The total ionization cross section adopted here is a
compared with the calculation based on the binary-encoun
Bethe model by Hwang et al. [30] (Graph 45).

Emission from CO+2 . The emission cross sections fo
the (A 25u–X 25g) (Graph 59) and (B 26+u –X 25g) (Graph
60) band systems in the wavelength ranges 2930–4390
2880–2900Å, respectively, were measured by McConke
et al. [51], Ajello [52], and Tsurubuchi and Iwai [53]. Fo
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the latter band system, in Ref. [51] the cross section val
multiplied by a factor of 2 are plotted, as was noted by Men
et al. [54]. Though the three measurements agree with e
other at high energies, some discrepancies are clearly se
low energies. We have adopted the results of Refs. [51, 5

Dissociative excitation. The relative cross sections fo
CO(A 15; v = 0, 1, 2, 3, 4) production were measured b
Mumma et al. [11] in the energy range below 350 eV. The
data were put on an absolute scale by normalizing to
Lyman-α cross section at 300 eV. We have plotted the d
only for the cases ofv = 0 (Graph 61) andv = 3 (Graph
62), which are almost indistinguishable from those forv = 1
and 2 and forv = 4, respectively. The total cross sectio
summed over these five vibrational levels reaches a maxim
of 2.6× 10−18 cm2 at an energy near 40 eV. The expe
mental uncertainty is estimated to be±17%.

Emission from CO. Ajello [52] measured the cross
sections for the (A 15–X 16+) band system in the wave
length range 1350–1730̊A (Graph 63) and the (a 35–X 16+;
v = 0–1) band at 2158̊A (Graph 64). It is noted that the rela
tive cross section for the latter band is renormalized at 80
to the recent absolute value of Erdman and Zipf [25].

Emission from CO+. Ajello [52] measured the cross
section for the (B 26+–X 26+) band system in the wave
length range 2040–2510̊A (Graph 65).

Dissociation. The cross section for dissociation t
form O(1S) (Graph 66) was measured by LeClair an
McConkey [55] at impact energies up to 1000 eV by usi
a pulsed crossed-beam method in combination with tim
of-flight spectroscopy. The experimental uncertainty is e
mated to be±12%.

Emission from C∗, O∗, C+∗, O+∗, and O2+∗.
Ajello [52] measured the cross sections for CI (2p3d 3Do,
3Fo, 2p4s 3Po − 2p2 3P) multiplets at 1278–1280̊A (Graph
67), O I (2p33s 3So − 2p4 3P) at 1304 Å (Graph 68),
and C II (2s2p2 2D − 2s22p 2Po) at 1335Å (Graph 69)
in the energy region below 300 eV.

The extreme ultraviolet emission spectrum induced
electron impact at 200 eV was identified by Kanik et al. [5
with a resolution of 5Å over the wavelength range 480
1250Å. Absolute cross sections were reported for each of
identified features for the atomic dissociation fragments.

Water Molecule

Total scattering. Measurements of the total scatterin
cross section (Graph 70) have been reported by Br¨uche [57],
Sueoka et al. [58], Szmytkowski [59], Zecca et al. [60], a
7 Atomic Data and Nuclear Data Tables, Vol. 79, No. 1, September 2001
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Nishimura and Yano [61]. A recent remeasurement was
ried out by Saˇglam and Aktekin [62] with uncertainties rang
ing from ±1.3 to±8.3% in the incident energy range 4
20 eV using an attenuation method. All the measureme
except for Ref. [58] agree well.

Elastic scattering. Elastic scattering (Graph 71) an
momentum transfer (Graph 72) cross sections were meas
by Danjo and Nishimura [63], Katase et al. [64], and Sh
and Cho [65]. Two recent measurements have been repo
One is by Johnstone and Newell [66] in the impact ene
range 6–50 eV; the experimental uncertainties for the
processes are±20% and±25%, respectively. The other is b
Shyn and Grafe [67], in the energy range 30–200 eV with
estimated uncertainty of±10%, using a modulated crosse
beam method. All the measurements are in good agreem
except for Ref. [63] whose data are too low compared w
the results of other measurements.

A critical compilation was reported by Hayashi [68
for the momentum transfer cross section data over a w
energy range. We have used his recommended data a
energies.

Vibrational excitation. The cross sections for the ben
ing (010) (Graph 73) and stretching (100, 001) (Graph
modes were measured by Seng and Linder [69] in the en
range from threshold to 10 eV with an uncertainty of±25%,
using a crossed-beam method. They observed a strong
sharp threshold resonance as well as a broad resonance
tered around 6–8 eV. A similar measurement was reporte
Shyn et al. [70] in the energy range from 2.2 to 20 eV w
an uncertainty of±20%.

Ionization. Total, partial, and dissociative ionizatio
cross sections (Graphs 75–81) were measured by Sch
et al. [71] in the energy range 20–2000 eV with an unc
tainty of ±15%. Djurić et al. [72] observed only the tota
ionization cross section in the lower energy range of 1
150 eV. Both results were obtained using condenser p
techniques. A recent measurement using time-of-flight m
spectroscopy was carried out by Straub et al. [73], who
ported the cross sections with uncertainties of±4.5% for total
ionization (Graph 75), of±5.0% for H+ production (Graph
81), and of±11.5% for H+2 production (Graph 80) and O2+

production (Graph 79). The recommended cross section
the production of H2O+ (Graph 76), OH+ (Graph 77), and
O+ (Graph 78) ions have been taken from the measurem
of Schutten et al. [71]. Summation of these cross secti
is consistent with the corresponding partial ionization valu
given in Ref. [73] within 10%.

The recommended total ionization cross section is a
compared with the calculation by Hwang et al. [30] based
the binary-encounter Bethe model (Graph 75).
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Dissociative excitation. The cross sections for forma
tion of excited H(n = 3, 4) atoms (Graphs 82, 83) were give
by Ogawa et al. [74] for an electron impact energy range
50–1000 eV.

Emission from H∗. Möhlmann et al. [75] determined
the absolute cross section for Lyman-α radiation in the energy
range from 17 eV to 2000 eV by normalizing their relativ
value at 100 eV to the value 1.2× 10−17 cm2 of Mumma and
Zipf [76] for the case of electron impact on H2. Recently,
Tawara et al. [77] recommended a value of 7.3× 10−18 cm2

for this cross section. Therefore, values from Ref. [75] mu
tiplied by a factor of 0.6 have been plotted here (Graph 8
The corrected values are in general agreement with ear
measurements not shown here.

The cross section for Balmer-α radiation was measured
by Möhlmann and de Heer [78] in the electron impact-ener
range 20–2000 eV with an estimated uncertainty of±12%.
We have quoted their result (Graph 85). They also repor
the cross sections for Balmer radiation up ton = 9 at 100 eV
impact energy with uncertainties ranging from±12% (for
n = 4) to±30% (forn ≥ 5). The Balmer-β emission cross
sections recommended here (Graph 86) have been taken
Beenakker et al. [79], who also reported the cross sections
other Balmer radiation up ton = 5 at 300 eV. It is found that
the emission yields of Balmer-α and Balmer-β radiation due
to dissociative excitation to then = 3, 4 states (see Graphs
82 and 83) are 56 and 45%, respectively. The cross sect
for Balmer-γ and -δ emission were provided by Vroom and
de Heer [80] in the energy range 50–6000 eV. In Graphs
and 88, we plot their data reduced by about 30% to fit t
results of Refs. [78, 79].

A recent measurement was made by M¨uller et al. [81]
for Balmer series radiation at 100 eV impact energy with
crossed-beam plus static gas-target method. It is noted
their results for Balmer-α and -β and Balmer-γ are about 25%
and 30%, respectively, lower than the present recommen
data sets.

Emission from OH. Sushanin and Kishko [82] mea
sured the cross section for theA 26+–X 25 band with
δv = 0 at 3064Å in the energy range below 70 eV. Thei
result is 4.1× 10−19 cm2 at 300 eV, which is about 20 times
lower than that of Beenakker et al. [79] in the energy ran
40–1000 eV. The values adopted from Ref. [82] are ren
malized to those of Beenakker et al. [79] (Graph 89).

A recent measurement by M¨uller et al. [81] shows a cross
section value at 100 eV of 2.68× 10−18 cm2. This value is
about 40% smaller than the 4.64× 10−18 cm2 of Beenakker
et al. [79] adopted here.

Emission from OI. Lawrence [34] measured the cros
section for dissociative excitation to the (2p33s 3So −
8 Atomic Data and Nuclear Data Tables, Vol. 79, No. 1, September 2001
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2p4 3P) multiplet at 1304Å. The cross section adopte
is from a remeasurement of Morgan and Mentall [8
(Graph 90). These two data sets agree well with e
other within the experimental uncertainty of±20%. The
emissions from the (2p33p 5P − 2p33s 5So) multiplet at
7774Å (Graph 91) and from (2p33p 3P − 2p33s 3So) at
8447Å (Graph 92) were observed by Beenakker et al. [7
in the energy range 40–1000 eV. We have adopted th
cross sections. The latter multiplet was also measured
Lawrence [34], whose result agrees with that of Beenak
et al. [79] within the uncertainties of±20% claimed in both
experiments.

Analytic Expressions

The functional forms of the analytic expressions us
for cross sections except for ionization cross sections are
sically those semiempirically developed by Green and M
Neal [84] and modifications of them such as used in our pre
ous work [85, 86]. For ionization cross sections, the funct
with the asymptotic behavior of lnE/E (E is the incident
electron energy) as proposed by Lotz [87] was used w
a new factor to reproduce the behavior near threshold [
Eq. (10) below]. The relevant basic relations and definitio
are as follows:

f1(x; c1, c2) = σ0c1(x/ER)c2 (i)

f2(x; c1, c2, c3, c4) = f1(x; c1, c2)/[1+ (x/c3)c2+c4] (ii)

f3(x; c1, c2, c3, c4, c5, c6)

= f1(x; c1, c2)/[1+ (x/c3)c2+c4 + (x/c5)c2+c6] (iii)

σ0 = 1× 10−16 cm2 (iv)

ER = 1.361× 10−2 keV (Rydberg constant) (v)

E1 = E − Eth (vi)

E = incident electron energy in keV (vii)

Eth = threshold energy of reaction in keV. (viii)

The symbolsx andci (i = 1, 2, . . . ,6) in Eqs. (i)–(iii) denote
dummy parameters. Depending on the formula to be cho
from the equations below, the value ofE1 or E1/ai (i = 6
or 8) is put intox; anda1, a2, etc. are put intoci . The cross
sections for the individual collisional processes are given
the following set of analytic expressions, according to t
correlation between the “No.” and “Eq.” columns in Table
(read across two facing pages).

σ = f2(E1; a1,a2,a3,a4) (1)

σ = f1(E1; a1,a2)+ f2(E1; a3,a4,a5,a6) (2)
14
]
ch

]
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σ = f2(E1; a1,a2,a3,a4)+ a5 f2(E1/a6; a1,a2,a3,a4)

+a7 f2(E1/a8; a1,a2,a3,a4) (3)

σ = f1(E1; a1,a2)+ f2(E1; a3,a4,a5,a6)

+ f2(E1; a7,a8,a9,a10) (4)

σ = f3(E1; a1,a2,a3,a4,a5,a6) (5)

σ = f1(E1; a1,a2)+ f3(E1; a3,a4,a5,a6,a7,a8) (6)

σ = f2(E1; a1,a2,a3,a4)

+ f3(E1; a5,a6,a7,a8,a9,a4) (7)

σ = f2(E1; a1,a2,a3,a4)

+ f3(E1; a5,a6,a7,a8,a9,a10) (8)

σ = f1(E1; a1,a2)+ f2(E1; a3,a4,a5,a6)

+ f3(E1; a7,a8,a9,a10,a11,a12) (9)

σ = σ0a1[ln(E/Eth)+ a2]/[EthE(1+ (a3/E1)a4)]. (10)

The use of such expressions allows one not only to
terpolate but also to extrapolate the data to some exten
contrast to polynomial fits, which frequently show physical
unreasonable behavior just outside the energy range of
available data.

The number of adjustable parameters used in the anal
expressions is between 4 and 12 according to the type
function. The values of the adjustable parameters have b
determined by least-squares fits to the data except for so
values that were chosen to guarantee reasonable beh
outside the energy range of the available data. The val
determined are given in the last six columns of Table I.

Cross sections obtained from the analytic expressio
are compared with the experimental data in the set of grap
which show that agreement is quite good. The root-me
square and the maximum deviations of the expressions fr
the data are given in the fifth and sixth columns of Table I. A
analogous example of use of Table I and the analytic exp
sions to calculate a cross section can be found in Ref. [86
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57. E. Brüche, Ann. Phys.1, 93 (1929)

58. O. Sueoka, S. Mori, and Y. Katayama, J. Phys. B19,
L373 (1986)

59. C. Szmytkowski, Chem. Phys. Lett.136, 363 (1987)

60. A. Zecca, G. Karwasz, S. Oss, R. Grisenti, and R.
Brusa, J. Phys. B20, L133 (1987)

61. H. Nishimura and K. Yano, J. Phys. Soc. Jpn.57, 1951
(1988)

62. Z. Saˇglam and N. Aktekin, J. Phys. B24, 3491 (1991)

63. A. Danjo and H. Nishimura, J. Phys. Soc. Jpn.54, 1224
(1985)

64. A. Katase, K. Ishibashi, Y. Matsumoto, T. Sakae,
Maezono, E. Murakami, K. Watanabe, and H. Mak
J. Phys. B19, 2715 (1986)

65. T. W. Shyn and S. Y. Cho, Phys. Rev. A36, 5138 (1987)

66. W. M. Johnstone and W. R. Newell, J. Phys. B24, 3633
(1991)

67. T. W. Shyn and A. Grafe, Phys. Rev. A46, 4406 (1992)

68. M. Hayashi, “Atomic and Molecular Data for Radio
therapy,” Report IAEA-TECDOC-506, p. 193, Interna
tional Atomic Energy Agency (1989)

69. G. Seng and F. Linder, J. Phys. B9, 2539 (1976)

70. T. W. Shyn, S. Y. Cho, and T. E. Cravens, Phys. Rev
38, 678 (1988)

71. J. Schutten, F. J. de Heer, H. R. Moustafa, A. J.
Boerboom, and J. Kistemaker, J. Chem. Phys.44, 3924
(1966)
1 Atomic Data and Nuclear Data Tables, Vol. 79, No. 1, September 2001



T. SHIRAI, T. TABATA, and H. TAWARA e− +CO, CO2, and H2O

F

K

m

o

R

,
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EXPLANATION OF TABLES

TABLE I. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for CO

TABLE II. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for CO2

TABLE III. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for H2O

No. Number label identifying a particular reaction process in the same sequence as
Graphs.

Process The relevant reaction process.
Emin Minimum energy (in keV) of the recommended data.
Emax Maximum energy (in keV) of the recommended data.
δrms Root-mean-square relative deviation (in %) of the analytic expression from the
δmax Maximum relative deviation (in %) of the analytic expression from the data.
Eδmax Energy (in keV) at which the relative deviation takes on the valueδmax.
Eq. The identifying number of the equation to be used for deriving the recomme

cross sections.
n Number of applicable fit parameters.
Eth Threshold energy of the reaction (in keV).
ai (i = 1, 2, . . . ,12) Fit parameters.

The notation 1.23–1 means 1.23× 10−1.

EXPLANATION OF GRAPHS

GRAPHS. Cross Section vs Electron Energy

Graphs are numbered in the same sequence as in Tables I, II, and III.

Ordinate Cross section in cm2.
Abscissa Electron energy in eV in the laboratory system.
Solid line Recommended data from the analytic formula of the present work.
Symbols Experimental data from sources as explained in the legends.
153 Atomic Data and Nuclear Data Tables, Vol. 79, No. 1, September 2001
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TABLE I. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for CO
See page 153 for Explanation of Tables

No. Process Emin Emax δrms δmax Eδmax

1 Total Scattering 1.00−3 5.25 2.4 1.1+1 2.00−3

2 Elastic Scattering 1.00−3 1.00 8.8 3.4+1 1.00−1

3 Momentum transfer 1.00−3 1.00−1 1.1+1 2.7+1 3.00−2

4 Vibrational Excitation forv = 0→ 1 1.00−3 3.00−2 9.8 1.8+1 1.25−3

5 Total Electronic Excitation 6.10−3 1.00 5.1 1.2+1 9.00−1

6 Excitation to CO(A 15; v = 0) 1.25−2 3.50−1 2.4 4.9 2.00−1

7 Excitation to CO(A 15; v = 1) 1.25−2 3.50−1 0.7 1.8 3.00−1

8 Excitation to CO(A 15; v = 2) 1.25−2 3.50−1 1.7 3.4 6.25−2

9 Excitation to CO(A 15; v = 3) 1.25−2 3.50−1 3.4 9.8 1.50−1

10 Excitation to CO(A 15; v = 4) 1.25−2 3.50−1 3.5 1.2+1 1.50−1

11 Excitation to CO(I 16−) 1.00−2 4.50−2 2.5 5.8 1.75−2

12 Excitation to CO(B 16+) 1.00−1 1.00−1 0.0 0.0 1.00−1

13 Excitation to CO(C 16+) 1.00−1 1.00−1 0.0 0.0 1.00−1

14 Excitation to CO(E 15) 5.00−2 5.00−1 0.4 0.8 7.50−2

15 Excitation to CO(a 35) 7.00−3 5.00−2 2.4 4.7 8.00−3

16 Emission from CO(A 15–X 16+; v = 0–1) at 1597Å 1.30−2 5.00 5.3 1.6+1 3.50−1

17 Emission from CO(B 16+–X 16+; v = 0–0) at 1150Å 2.00−2 5.00 1.2+1 4.4+1 1.00−1

18 Emission from CO(C 16+–X 16+; v = 0–0) at 1088Å 2.00−2 2.00 2.2 3.6 1.00

19 Emission from CO(E 15+–X 16+; v = 0–0) at 1076Å 5.00−2 5.00−1 2.5 7.2 3.50−1

20 Emission from CO(A 15–X 16+; v = total) at 1270–2000̊A 9.00−3 3.00−1 0.8 1.8 2.50−2

21 Emission from CO(a 35–X 16+; v = 1–4) at 2389Å 6.50−3 3.00−1 5.2 1.0+1 1.00−1

22 Total Ionization 1.75−2 6.00−1 2.0 4.8 2.50−2

23 CO+ Production 1.75−2 6.00−1 1.3 3.2 3.50−2

24 C+ Production 2.50−2 6.00−1 5.9 2.1+1 3.00−2

25 O+ Production 3.00−2 6.00−1 3.9 1.0+1 5.00−2

26 CO2+ Production 5.00−2 6.00−1 5.8 1.2+1 7.00−2
154 Atomic Data and Nuclear Data Tables, Vol. 79, No. 1, September 2001
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TABLE I. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for CO
See page 153 for Explanation of Tables

No. Eq. n Eth a1 a2 a3 a4 a5 a6

a7 a8 a9 a10 a11 a12

1 3 8 0.00 2.190+4 3.190 2.084−3 3.880 1.722+1 2.210−1
5.300−2 7.930−1

2 3 8 0.00 1.800+4 3.190 2.100−3 4.900 5.670+1 5.500−1
3.620−3 5.720−1

3 8 10 0.00 3.350+3 2.300 1.890−3 7.500 2.440+1 2.180−1
7.500−3 1.087 2.900−1 3.400

4 3 8 2.70−4 9.130+4 4.440 1.740−3 4.630 7.660−1 2.680
1.980−2 1.000+1 .

5 7 9 6.00−3 2.810 3.610−1 1.620−3 2.580 5.530 1.110
2.050−2 8.400−1 1.050−1

6 1 4 7.80−3 1.740−1 1.100 9.110−3 4.600−1

7 1 4 7.20−3 3.020−1 1.011 1.009−2 4.749−1

8 1 4 7.90−3 2.920−1 9.520−1 1.194−2 5.160−1

9 1 4 8.60−3 2.650−1 1.040 8.500−3 4.380−1

10 1 4 8.70−3 1.350−1 8.040−1 1.220−2 4.970−1

11 3 8 8.10−3 2.600 4.280 5.390−3 1.030 1.190−3 1.190
1.000−1 5.000−1

12 1 4 1.08−2 9.580−2 4.700−1 2.500−2 8.030−1

13 1 4 1.14−2 6.579−2 8.770−1 6.270−2 7.490−1

14 10 4 1.15−2 1.407−5 8.100 1.520−1 1.096

15 3 8 6.04−3 3.690+1 1.790 3.260−3 1.570 4.060+1 1.000+1
8.440−3 2.160−1

16 1 4 7.80−3 2.280−2 1.820−1 6.300−2 8.750−1

17 1 4 1.08−2 5.350−2 4.700−1 2.500−2 8.030−1

18 1 4 1.14−2 3.881−2 8.770−1 6.270−2 7.490−1

19 10 4 1.15−2 1.509−6 8.100 1.520−1 1.096

20 5 6 8.00−3 1.751+2 2.666 1.236−3 −3.477−1 2.854−3 5.428−1

21 3 8 6.00−3 1.360+2 2.890 3.240−3 1.140 6.930+4 3.760
5.030−4 9.410−2

22 10 4 1.41−2 2.726−3 2.800−2 5.300−2 1.058

23 5 6 1.40−2 1.825 1.829 1.390−2 −1.390−1 4.380−2 9.940−1

24 1 4 2.24−2 1.216−1 9.360−1 8.530−2 8.720−1

25 5 6 2.47−2 2.100−1 4.080 7.080−3 −1.560 2.100−2 7.390−1

26 1 4 4.18−2 1.868−3 1.502 5.890−2 7.480−1
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T. SHIRAI, T. TABATA, and H. TAWARA e− +CO, CO2, and H2O
TABLE I. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for CO
See page 153 for Explanation of Tables

No. Process Emin Emax δrms δmax Eδmax

27 O2+ Production 8.00−2 6.00−1 9.6 2.5+1 3.00−1

28 C2+ Production 6.00−2 6.00−1 6.2 1.9+1 7.00−2

29 Excitation to CO+(X 26+) 5.00−2 1.00 5.1 1.1+1 6.00−1

30 Excitation to CO+(A 25) 1.75−2 5.00 6.2 1.8+1 5.00−2

31 Excitation to CO+(B 26+) 2.25−2 5.00 3.7 1.3+1 1.50−1

32 Emission from CO+(A 25–X 26+; v = 3–0) at 4011Å 2.00−2 5.00 6.1 1.7+1 3.00−1

33 Emission from CO+(B 26+–X 26+; v = 0–0) at 2190Å 5.00−2 5.00 1.2 2.1 2.00−1

34 Emission from CO+(A 25–X 26+; v = total) at 3000–6500̊A 2.20−2 3.00−1 0.4 0.8 4.00−2

35 Emission from CO+(B 26+–X 26+; v = total) at 1800–3200̊A 2.00−2 3.00−1 3.0 9.6 2.50−2

36 C(3P) + O(3P) Production 1.35−2 1.99−1 6.9 1.4+1 1.85−2

37 O(1S) Production 1.80−2 5.00−1 2.2 4.5 3.00−2

38 Emission from CI(2p3d 3Do, 3Fo, 2p4s 3Po−2p2 3P) 2.50−2 2.00 5.4 1.9+1 1.00−1
at 1278−1280Å

39 Emission from OI(2p33s 3So−2p4 3P) at 1304Å 2.50−2 4.00 7.5 2.3+1 2.50−2

40 Emission from CII(2s2p2 2D−2s22p 2Po) at 1335Å 4.00−2 5.00 9.3 2.1+1 3.00−1

41 Emission from OI(2p33p 3P−2p33s 3So) at 8447Å 4.90−2 7.71−1 0.5 1.5 5.10−2
156 Atomic Data and Nuclear Data Tables, Vol. 79, No. 1, September 2001



T. SHIRAI, T. TABATA, and H. TAWARA e− +CO, CO2, and H2O
TABLE I. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for CO
See page 153 for Explanation of Tables

No. Eq. n Eth a1 a2 a3 a4 a5 a6

a7 a8 a9 a10 a11 a12

27 1 4 5.98−2 1.040−4 1.970 1.050−1 7.100−1

28 1 4 4.68−2 3.790−4 2.108 9.300−2 6.370−1

29 1 4 1.40−2 5.760−1 7.100−1 5.600−2 8.380−1

30 5 6 1.66−2 1.880+6 6.160 6.940−4 −9.430−1 2.260−3 7.060−1

31 5 6 1.97−2 1.550−1 9.840−1 5.100−2 1.700−1 1.260−1 9.500−1

32 5 6 1.71−2 8.170−1 2.580 4.270−3 −4.820−1 1.630−2 7.700−1

33 5 6 1.97−2 6.310−2 6.460−1 1.250−1 6.030−1 3.530−1 1.050

34 5 6 1.65−2 1.980 2.221 7.400−3 −2.240−1 5.900−2 2.310

35 1 4 1.97−2 1.988−1 6.610−1 1.280−1 6.970−1

36 1 4 1.11−2 7.040−1 1.084 2.680−2 5.700−1

37 1 4 1.53−2 1.627−3 1.070 7.440−2 6.980−1

38 1 4 2.08−2 4.100−3 6.910−1 8.560−2 8.590−1

39 1 4 2.06−2 2.032−3 1.270 6.960−2 8.130−1

40 1 4 3.16−2 1.900−2 9.190−1 7.900−2 8.540−1

41 5 6 1.26−2 1.246−4 4.260 3.680−2 −5.300−1 4.400−2 7.510−1
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T. SHIRAI, T. TABATA, and H. TAWARA e− +CO, CO2, and H2O
TABLE II. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for CO2

See page 153 for Explanation of Tables

No. Process Emin Emax δrms δmax Eδmax

42 Total Scattering 5.00−4 5.00 5.8 3.1+1 4.00−3

43 Elastic Scattering 1.00−3 1.00 1.3+1 2.8+1 4.00−2

44 Momentum Transfer 1.50−3 1.00 1.1+1 1.9+1 2.00−2

45 Total Ionization 1.50−2 1.00 7.5 4.5+1 1.50−2

46 CO+2 Production 1.50−2 1.00 5.2 3.1+1 2.00−2

47 CO+ Production 2.50−2 1.00 7.3 2.3+1 2.50−2

48 CO+ + O Production 2.50−2 5.95−1 1.2 3.1 5.50−2

49 O+ Production 2.50−2 1.00 4.2 1.8+1 2.50−2

50 O+ + C+ O Production 2.50−2 5.95−1 4.5 1.2+1 2.50−2

51 C+ Production 3.00−2 1.00 7.5 4.7+1 3.00−2

52 C+ + O+ O Production 3.50−2 5.95−1 2.2 7.1 4.00−2

53 CO2+
2 Production 4.50−2 1.00 7.5 2.9+1 4.50−2

54 O+ + CO+ Production 4.50−2 5.95−1 1.0 2.8 4.95−1

55 2O+ + C Production 4.50−2 5.95−1 1.8+1 6.9+1 4.50−2

56 C+ + O+ + O Production 4.50−2 5.95−1 6.6 2.2+1 5.50−2

57 O2+ Production 8.00−2 1.00 2.0+1 5.7+1 1.00−1

58 C2+ Production 8.00−2 1.00 1.2+1 3.0+1 8.00−2

59 Emission from CO+2 (A 25u–X 25g; v = total) at 2930–4390̊A 2.00−2 2.00 8.1 2.0+1 3.00−2

60 Emission from CO+2 (B 26+u –X 25g; v = total) at 2880–2900̊A 2.00−2 2.00 6.5 1.7+1 2.00−2

61 Dissociative Excitation to CO(A 15; v = 0/1/2) 1.50−2 3.50−1 5.6 1.3+1 2.00−2

62 Dissociative Excitation to CO(A 15; v = 3/4) 1.50−2 3.50−1 3.4 7.7 3.50−1

63 Emission from CO(A 15–X 16+; v = total) at 1350–1730̊A 3.00−2 3.00−1 0.5 0.8 1.60−1

64 Emission from CO(a 35–X 16+; v = 0–1) at 2158Å 1.30−2 3.00−1 0.7 1.3 4.00−2

65 Emission from CO+(B 26+–X 26+; v = total) at 2040–2510̊A 2.70−2 3.00−1 0.6 1.2 2.50−1

66 O(1S) Production 1.20−2 1.00 1.9 6.4 1.40−2

67 Emission from CI(2p3d 3Do, 3Fo, 2p4s 3Po–2p2 3P) 2.80−2 3.00−1 0.6 1.1 4.00−2
at 1278−1280Å

68 Emission from OI(2p33s 3So–2p4 3P) at 1304Å 2.30−2 3.00−1 1.4 2.7 2.50−2

69 Emission from CII(2s2p2 2D–2s22p 2Po) at 1335Å 4.50−2 3.00−1 2.5 4.5 5.00−2
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T. SHIRAI, T. TABATA, and H. TAWARA e− +CO, CO2, and H2O
TABLE II. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for CO2

See page 153 for Explanation of Tables

No. Eq. n Eth a1 a2 a3 a4 a5 a6

a7 a8 a9 a10 a11 a12

42 9 12 0.00 5.820−1 −9.950−1 8.870+4 6.760 3.882−3 1.030+1
2.990+1 1.490 1.310−2 2.200−1 3.300−2 9.300−1

43 4 10 0.00 7.360−1 −7.300−1 2.140+5 8.200 3.810−3 1.000+1
2.480+1 1.790 1.334−2 5.800−1

44 4 10 0.00 1.680−1 −1.183 8.190+1 2.700 4.250−3 2.000+1
1.450+1 1.090 1.910−2 1.288

45 10 4 1.38−2 4.010−3 6.900−1 9.700−2 1.193

46 10 4 1.38−2 2.990−3 3.600−1 1.010−1 9.040−1

47 5 6 1.95−2 8.300−1 3.310 9.500−3 −4.600−1 2.210−2 9.600−1

48 5 6 1.95−2 4.830−1 3.062 1.266−2 −7.500−2 2.840−2 1.083

49 1 4 1.90−2 1.367−1 1.171 1.024−1 8.460−1

50 5 6 1.91−2 1.640−1 1.081 8.300−2 7.300−1 1.800−1 7.300−1

51 5 6 2.78−2 1.850−1 2.200 1.290−2 −6.500−1 3.960−2 9.300−1

52 5 6 2.78−2 9.560−2 1.563 3.640−2 5.220−1 2.100−1 2.600

53 10 4 3.72−2 4.490−6 6.000+1 7.930−2 1.873

54 5 6 3.31−2 2.198−2 2.427 2.870−2 −2.800−1 6.140−2 1.160

55 1 4 4.38−2 8.990−3 8.760−1 1.890−1 1.330

56 1 4 4.14−2 9.460−3 1.483 1.160−1 9.760−1

57 1 4 5.42−2 1.400−5 2.520 1.460−1 9.000−1

58 1 4 5.22−2 4.830−5 2.040 1.360−1 8.380−1

59 5 6 1.73−2 2.380−1 9.470−1 9.600−2 6.000−1 8.500−1 2.800

60 5 6 1.81−2 2.950−1 1.300 1.400−2 −4.900−1 5.900−2 7.800−1

61 1 4 1.36−2 1.140−2 5.700−1 1.280−2 3.730−1

62 1 4 1.41−2 2.650−3 4.030−1 4.080−2 6.250−1

63 1 4 1.35−2 1.282−2 −4.700−3 4.190−1 1.720

64 5 6 1.15−2 2.789+1 2.601 4.450−3 −3.188−1 1.203−2 5.857−1

65 5 6 2.51−2 8.268−2 1.334 2.583−3 −2.549−1 4.560−2 1.658

66 5 6 1.10−2 3.160−1 1.046 1.210−2 1.320−1 5.140−2 9.300−1

67 5 6 2.62−2 5.072−1 2.694 1.599−3 −3.730−1 1.006−2 1.141

68 1 4 2.10−2 3.990−3 8.480−1 6.350−2 6.550−1

69 1 4 4.30−2 4.310−3 7.070−1 8.960−2 6.720−1
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T. SHIRAI, T. TABATA, and H. TAWARA e− +CO, CO2, and H2O
TABLE III. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for H2O
See page 153 for Explanation of Tables

No. Process Emin Emax δrms δmax Eδmax

70 Total Scattering 1.00−3 3.00 4.9 1.8+1 7.00−3

71 Elastic Scattering 2.20−3 1.00 1.2+1 4.0+1 1.00−1

72 Momentum Transfer 2.20−3 1.00 1.3+1 4.4+1 5.00−2

73 Vibrational Excitation (Bending) 3.50−4 2.00−2 6.5 1.7+1 8.00−4

74 Vibrational Excitation (Stretching) 6.40−4 2.00−2 1.0+1 2.0+1 7.80−4

75 Total Ionization 1.35−2 1.00 5.3 2.0+1 1.35−2

76 H2O+ Production 2.00−2 2.00 2.1 3.9 1.00

77 OH+ Production 2.00−2 2.00 2.4 4.7 1.00−1

78 O+ Production 2.00−2 2.00 1.8+1 3.8+1 3.00−2

79 O2+ Production 9.00−2 1.00 9.4 2.5+1 1.10−1

80 H+2 Production 3.00−2 1.00 7.4 2.6+1 7.00−1

81 H+ Production 2.00−2 1.00 3.7 1.1+1 2.25−2

82 H(n = 3) Production 5.00−2 1.50 0.7 1.1 7.00−1

83 H(n = 4) Production 5.00−2 1.00 0.9 1.5 3.00−1

84 Lyman-α Emission 2.00−2 2.00 3.7 1.3+1 3.00−2

85 Balmer-α Emission 2.00−2 2.00 2.2 6.4 5.00−2

86 Balmer-β Emission 4.00−2 1.00 1.6 4.9 5.00−2

87 Balmer-γ Emission 5.00−2 6.00 1.2 2.5 3.00−1

88 Balmer-δ Emission 5.00−2 6.00 1.8 4.1 6.00

89 Emission from OH(A 26+–X 25; δv = 0) at 3064Å 1.10−2 1.00 3.2 9.5 4.00−2

90 Emission from OI(2p33s 3So–2p4 3P) at 1304Å 2.73−2 2.80−1 1.9 3.5 5.00−2

91 Emission from OI(2p33p 5P–2p33s 5So) at 7774Å 4.01−2 1.00 4.8 1.4+1 7.00−1

92 Emission from OI(2p33p 3P–2p33s 3So) at 8447Å 4.01−2 1.00 1.7 5.0 1.40−1
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T. SHIRAI, T. TABATA, and H. TAWARA e− +CO, CO2, and H2O
TABLE III. Energy Ranges of Data, Fitting Errors, and Parameters of the Analytic Expressions for H2O
See page 153 for Explanation of Tables

No. Eq. n Eth a1 a2 a3 a4 a5 a6

a7 a8 a9 a10 a11 a12

70 6 8 0.00 3.420 −9.170−1 1.400+2 2.200 5.650−3 3.350−1
1.850−2 1.210

71 2 6 0.00 6.730−1 −1.200 3.700+1 9.700−1 1.080−2 8.810−1

72 2 6 0.00 6.340−1 −1.197 2.360+1 1.570 1.168−2 1.313

73 3 8 2.00−4 1.820+2 −1.400−2 1.500−6 1.020 2.510−1 8.400−1
1.310−2 1.800

74 3 8 4.50−4 2.060+2 −9.940−1 4.260−7 2.380 7.710−1 4.750−1
1.070−2 3.430

75 10 4 1.26−2 2.161−3 3.490−1 7.430−2 1.109

76 5 6 1.26−2 1.180+2 4.960 4.120−3 −6.720−1 9.020−3 7.730−1

77 5 6 1.80−2 1.562−1 8.570−1 8.700−2 4.560−1 1.510−1 1.000

78 1 4 1.86−2 6.190−3 1.028 1.360−1 8.990−1

79 1 4 5.37−2 3.540−6 3.300 1.078−1 7.550−1

80 5 6 2.04−2 1.310−3 3.650 1.450−2 −1.370−1 3.180−2 1.080

81 1 4 1.87−2 6.397−2 1.390 8.240−2 7.690−1

82 1 4 6.63−3 7.700−3 1.621 7.390−2 8.511−1

83 1 4 5.97−3 1.556−3 1.773 7.010−2 8.170−1

84 1 4 1.53−2 3.716−2 1.057 8.130−2 8.650−1

85 1 4 1.72−2 1.113−2 1.074 7.490−2 8.680−1

86 1 4 1.79−2 1.853−3 1.201 6.700−2 8.270−1

87 1 4 1.82−2 2.474−3 3.820−1 9.740−2 9.171−1

88 1 4 1.83−2 8.231−4 4.260−1 8.260−2 9.039−1

89 5 6 9.10−3 2.950+1 3.360 2.210−3 −8.600−2 4.920−3 8.030−1

90 1 4 1.91−2 5.362−4 1.394 7.780−2 9.710−1

91 1 4 1.57−2 5.880−4 1.065 5.670−2 1.048

92 1 4 1.59−2 8.360−4 1.040 8.650−2 9.670−1
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T. SHIRAI, T. TABATA, and H. TAWARA e− +CO, CO2, and H2O
GRAPHS. Cross Section vs Electron Energy
See page 153 for Explanation of Graphs
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