Mem. Fac. Engng., Kyoto Univ. Vol. 46, No. 2 (1984) 1

Charge Transfer Cross Sections for Multiply
Charged Slow Ne, Ar, Kr and Xe Ions
on Various Gas Targets II. Molecular Gas Targets

By

Hirofumi HANAKI*, Toshio KusakaBe**, Tadahiko HoRIUCHI*,
Ichiro KonoMi*, Nobuo Nacgar*, Toru YAMAUCHI* and
Masakatsu SAKISAKA*

(Received December 12, 1983)

Abstract

Observed charge transfer cross sections are compiled, similarly to Part I, for
multiply charged Ne, Ar, Kr and Xe ions on several molecular targets in an
energy region from a few to tens keV. The projectiles are recoil ions produced
by using our “ion-impact ion source” (IIIS). The values are compared with the
results of other research workers.

1. Introduction

Studies of charge transfer collisions have been intensively carried out in recent
years since various information about fundamental processes in a hot plasma can be
obtained, something which is necessary to achieve a fusion reactor in the future.
In particular, electron captures by multiply charged and slow ions draw attention
from the point of fusion engineering because of their quite large cross sections for
target atoms and molecules. These play an important role in the energy balance of
plasma?. The collisions are also interesting processes in the fields of atomic phy-
sics, chemistry, radiation physics and astrophysics®.

In Part I® of the previous paper, the authors reported a compilation of charge
transfer cross sections for the systems of [Ne?*, Ar?*, Kr?' ions on He] and [Kr?*,
Xe?" ions on Ne, Ar, Kr, Xe], where ¢ is the projectile ionicity and the impact
energies are chosen from a few to several tens keV.  These measurements have
revealed the following remarkable facts.

Firstly, the one-electron capture cross sections, 6,,,_;, show oscillating behaviors
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against the initial ionic charge ¢. This is consistent with the prediction of the
“classical one electron model” (COEM) of Ryufuku et al. Also the cross section
magnitudes approximately satisfy a scaling law® of ¢,,, ,0cql-2, where [ is the first
ionization potential of target atom. Secondly the multiple-electron transfer cross
sections, 0,,,.5 (k=1, 2, ), for Kr?" and Xe?* ions on Ar, Kr and Xe atoms
behave very similarly irrespective of the target atom, where % is the number of
captured electrons. These ¢ behaviors against ¢ and % cannot be explained by the
“classical absorbing sphere model” (CASM) of Janev et al®., whereas our “statistical
electron transfer model” (SETM)” has shown a fairly reasonable accordance.
Therefore, it would be verv interesting to measure the ¢,,, ; values for the same
ions on various molecular gas targets in the same energy region.

This report is a compilation of these cross sections. As the targets, molecular
hydrogen (H,), molecular nitrogen (N;), carbon dioxide (CO,;) and three hydro-
carbons (CH,, C,H;, C,Hy) are selected. Table 1 shows the projectile-target com-

binations and the collision energies.

Table 1. Combination of projectile-target in charge transfer experiment.

Projectile
Collision energy Target molecule
Ton Charge q
Ne?+ 2~ 5 1.5¢—12q keV H,
Arv+ 2~ 7 11. 4keV (0. 286 keV/amu) H,
Kre+ 2~ 9 24 keV (0. 286 keV/amu) Hg, Ng, COZ, CH4, Csz, CgHg
Xet* 2~11* 37.6keV (0.286 keV/amu) H,, N, CO, CH, CH, C;H;

* The Xe?*-target combinations, except for the case of Xe2*-H,, were measured at about
34.5keV in energy (0.262keV/amu) to prevent an electrical breakdown in ion accelera-
tion.

2. Experimental

The experimental arrangement is the same as described previously®. (See Fig. 1,
Part I) Charge-, mass- and energy-filtered heavy ions were introduced into a gas
cell to make charge transfer collisions with gas molecules. The charges of the
outgoing ions were separated in an electrostatic deflector and hit on a position sen-
sitive detector (PSD). In contrast to the previous detector, the present one was
composed of a new 3-stage type microchannel plate* (MCP). This MCP had a
better pulse height distribution than before, thus being easier to adjust a lower dis-
crimination level of the SCA connected with the PSD analog processor®.

Each charge spectrum at a given target thickness was once displayed on a multi-

channel PHA and then stored in a computer. The charge fraction data obtained

* Specially manufactured by Hamamatsu TV Co., Ltd. The gain is more than 108.
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as a function of the target thickness were processed by applying a growth rate
method. In this way, the cross section values for single- to multiple-electron trans-
fers were derived. Their final errors were evaluated by introducing systematic
uncertainties, which are listed in Table 2. These procedures are the same as men-
“tioned in Part L.

Since half of the present apparatus was a charge/mass filter, there existed una-
voidable contaminative ions as follows: (O** and C3* in ?*Nef*), (O?* in Ar**), (OH*
and O* in Kr** and Xe?*), (N* in Kr®* and Xe**), (C* in Kr"* and Xe!'*) and
(O;* in Xe**). In most cases, the ¢ values were little affected by these ion im-
purities, the contributions of which are shown in Table 2. However, a large amount
of contaminative C* ions was found in Xe!'* ions, and the contribution was estimated
in each collision by considering the one-electron capture cross section 0,4 for C*-H,,
-N;, -+ or -C4H, collision.  As the result, the statistical deviations of the oy5,11-

values for Xe''* ions were somewhat larger than others.

Table 2. List of systematic uncertainties.

Origin Uncertainty (%)
Measurements of gas pressure 7
Effective collision length 5
Temperature 3
Target gas impurity 5
<5 for Krb+-7+
( 4 for Ars*
Ion impurity* : 3 for Xes*s9+
2 for Xet*
<1 for other ions except Xe!!*
Charge separation in PSD and <10 for Xell*
error of diving processor <5 for other ions

* The impurity contents in Xe!l* jons were estimated to be 24~54%), the contributions of
which are taken into account in deriving the cross section values.

3. Results and comparison with other data

The present charge transfer cross sections are given in Tables 3 to 6, and are
depicted in Figs.1 to 14. The values obtained by other research workers are inser-
ted into these figures for the sake of comparison.

3.1. Ne?"(g=2~5) ions on H,

The energy range adopted is 1.5-12keV/q, as listed in Table 1, and the ¢ data
together with those of others are plotted in Fig.1. Our ¢, results are nearly con-
stant in the measured energy range, whereas those of Huber® decrease with increa-
sing ion energy, and our ¢4, data show a steeply decreasing behavior. = These are
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Table 3. Charge transfer cross sections for Ne?*(g=2~5) ions on H,.
Cross section (cm?)
Ione+ Target Energy (keV)
Og,q-1 Cq,q-2
Nez* H, 3.0 1.58+0.19(—-16) 1.44+0.18(—17)
6.0 1.48+0.21(—16) 8.48+1.13(—18)
12.0 1.2440.15(—16) 4.29+0.52(—18)
24.0 1.16£0. 14(—16) 2.5440.49( —18)
Ne3* H, 5.3 2.4940.29(—15) 7.14+0.90(-17)
9.0 2.83+0.33(—15) 4.71+0.79(~17)
18.0 2.45+0.29(—15) 3,54+0.54(—17)
36.0 1.79+0. 21(—15) 2.91+0.67(—17)
Net+ H, 6.0 3.46+0.41(—15) 3.83+0.94(-17)
12.0 3.44+0.40(—-15) 3.60+£1.39(—-17)
24.0 3.40+£0.40(—-15) 3.59+0.67(—17)
36.0 3.62+0.42(—15) 3.33+1.01(—-17)
Nes+ H, 15.0 3.2440, 47(~15) —
55.0 2.61+0.37(—15) —

in contrast to the Ne?*-He collision (see Part I) where both the 03, and 63, results
sharply increase against impact energy. In Table 3 are given our ¢ values.

The present 63, 0,3 and 05, data show gentle behaviors against collision
energy and are in general accordance with those of Huber®. However, they are

smaller than the observations of Salzborn and Miiller’® by 20 to 50% in magnitudes.
3.2. Ar?*(g=2~7), Kr?*(g=2~9) and Xe?*(g=2~-11) ions on H,

The observed cross sections for single~ and double-electron transfer at 0.286
keV/amu in impact energy are listed in Table 4 and also illustrated in Figs.2, 3 and
4 for Ar?*, Kr?* and Xef?* ions on H,, respectively. The measurements by other
workers are inserted into the figures for the sake of comparison.

Our 0,,,.; results for Ar?* ions are generally in agreement with those of Salzborn'®
(at 30 keV), Bliman'? (mean values from 2q to 10g keV), Crandall'®¥ (from 10 to
200 keV) and Huber®!® (at ~5keV and other energies) for g>>3. The present 6,45
values are also consistent with those of Bliman'? and Huber!'® for 3<<g<5, whereas
discrepancies are seen for ¢g=6 and 7. The large deviations for g=2 may be explain-
ed by a strong energy dependence of both the ¢5; and 03, results. (Refer to Fig. 1.)

The Kr?*-H, data are compared in Fig.3 and a general agreement with the
observations of Huber et al'®. (1-10keV) is seen for ¢>4.

g=2 and 3 can be also attributable to an impact energy dependence of the cross

The disagreement for

sections.

Figure 4 represents the Xe?*-H, case. Our 0,,,.; observations are in accordance
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Fig. 1. Charge transfer cross sections for 1.5—12keV/g

Ne?*(g=2~5) ions on H,. Solid and open

marks stand for o,y and o,,, respectively.

@, O :present Kyoto, A :Huber®, [ : Salz-

born and Miilleri®,
with those of Crandall et al'®. (near 37.6keV) for ¢>>4, but again show a systematic
underestimation from the data of Salzborn!®. The present Gg,4-3 Tesults are original,
and hence cannot be compared with others. )

It is very interesting to note that, when three collisions are compared, the 4.,
and 04,5 values against ¢ behave quite similarly, and in particular, the 0,43
results have maxima at around ¢=5. This trend should be referred to the Ar?",
Kr?*, Xe?"-He cases. (See Figs.5~7, Part 1) Therefore, an important factor can
be deduced, namely that three projectiles act like an identical ion having ¢ electron
holes, and pick up one or two electrons from a hydrogen molecule similarly.

3.3. Kr?*(g=2~9) ions on N,, CO,, CH,, C,H; and C;H;
In Part I, we have already presented the single- to multiple-electron transfer

cross sections for Kr?* ions on the rare gas targets of Ne, Ar, Kr, and Xe, and
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Table 4. Charge transfer cross sections for Ar?*(g=2~7), Kri*(g=2~9)
and Xe? (g=2~11) ions on H, at 0.286 keV/amu in energy.
Cross section (cm?)
Ion q Target
Og,q-1 Oq,q-2

Are+ 2 H, 4.06+0.58(—16) 3.49£0.49(—17)
3 1.56.+0.18(—15) 1.58+0.18(—16)
4 3.80:+£0.45(—15) 6.53+£0. 82(~16)
5 3.82:+0.49(—15) - 9.93+1.29(—16)
6 5.59+0.69(—15) 5.66+0.93(—16)
7 7.1640. 89(—15) 4.46+0.80(—16)

Kre+ 2 H, 6.09+0.72(—16) 6.61+1.10(~17)
3 6.79+0. 80(—16) 2.1340.25(—16)
4 4.10+0. 54(—15) 9.42+1.16(—16)
5 3.41+0.45(—15) 1.03+0.16(—15)
6 4.22+0.59(—15) 1.06+0.16(—15)
7 6.33+0.82(—15) 6.2810. 89(—16)
8 6.51+£0.76(—15) 4.48+0.71(—16)
9 7.86+1. 08(—15) 4.54+1.67(—16)

Xe?* 2 H, 1.52+0.18(—15) 1.84+0.78(—17)
3 8.10+0.99( —16) 1.0440. 16(—16)
4 3.22+0.39(—-15) 4.9010.59(—-16)
5 3.89+0. 46(~15) 1.52+0.22(—15)
6 '4.20+0.50(—15) 1.29+0.19(—15)
7 6.25+0.77(—15) 1.11+0.14(—15)
8 5.88+0. 68( —15) 5.57 +0. 76 (—16)
9 8.84+1.30(—15) 3.30+0.82(—16)

[
[ =]

9.55+1. 14(—15)
1.1110.16(—14)

3.03+1.03(—16)
1.85+0. 27(—16)

revealed that these ¢ values against ¢ show similar statistical patterns.

Conse-

quently, we have proposed the “statistical electron transfer model” (SETM)™ and
have obtained a reasonable accordance with the observations. To examine the vali-
dity of our model, the charge transfers in the cases of other multi-electron targets
should be measured.

The data of Kr?* ions on N, CO, CH, C,Hs and C,H; gases are listed in
Table 5, and are depicted in Figs.5, 6, 7, 8 and 9, respectively. These measure-
ments are quite original since the experiments for heavy ions onto molecules are
quite poor. Here we mention that there have been pﬁblished only the ¢,,-1 results
of Salzborn and Miiller!® for the Ar?*-N,, -0, -CO, and -CH, collisions.

The present o,,,., values increase with oscillation as the initial charge state ¢

increases. However, the oscillation amplitude becomes smailer as the target molecule
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Fig. 2. Charge transfer cross sections for Fig. 3. Charge transfer cross sections for
0.286 keV/amu Ar?*(g=2~7) ions 0.286 keV/amu Kro*(g=2~9)
on H,. Solid and open symbos ions on H; For symbols and lines,
denote single~ and double-electron see Fig.2.

transfers, respectively. Solid lines
are drawn to guide the eye.

@, O :present Kyoto, W, []:
Bliman et al.l, W : Salzborn and
Miiller, A : Crandall et al.122 The
6¢q-1 (q=2~8) values are measu-
red from 10 to 200keV. @, O:
Huber et al®, §: Huber®. The
values (¢=2~6) are obtained at
around 2.2 keV/g in energy.

becomes more complicated to have a smaller ionization potential. This is consistent
with the COEM prediction of Ryufuku et al*. Our 04, (k>>2) results gradually
change as the molecular complexity proceeds. In fact, those of double- to quadru-
ple-electron captures from C,Hg; and C;Hg become close for high ¢ states. These
complicated behaviors may be qualitatively explained as follows:

The constituent interatomic distances in these molecules are large.  Hence, a

multiple-electron transfer will occur when the projectile passes through a part of
such a large molecule

the component molecule would be an effective target, which
still consists of a few atoms.  Then, the o, _; results against ¢ and ¥ show com-
plicated patterns, but the statistical trend is held because of many electrons in the
target molecule.
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Fig. 4. Charge transfer cross sections for 0.286keV/amu
Xet*(g=2~11) ions on H,. For symbols and lines,
see Fig.2. The ¢,4.1 results by Crandall ez al. (A)
are obtained at 20.4 to 40.8keV in energy for g=2
to 10, respectively.
The explanation of the ¢,,.4’s applying our SETM would be interesting, and

we propose the expression for the instance of C,H;g as follows:

04,0-#(CsHe) =2 < 04,4 4(CH,)
=22 Yo27rb cdb - wCi > PP(A—P)" ¥ x,Cj+ P71 —Pp* i

147=kd 0
where P, and P, are the one-electron capture probabilities for C and Hj;, respec-
tively, as the functions of the impact parameter b and the projectile charge ¢. The
notations ,C; and ,C; are the binomial coefficients, m and n are the numbers of
effectively identical electrons in the clouds of C and H,, respectively, and i+ j=k
should be satisfied. Then, the statistics are complicatedly mixed for a given g¢-%
combination according to the P’s behaviors. The above formula is our revised pro-

posal, and the applicability will be done elsewhere.

3.4. Xe?*(g=2~11) ions on N,, CO,, CO, CH,, C.H; and C;H,
The cross sections values for Xe?* ions on the same molecules at the same im-
pact velocity as above are given in Table 6, and are depicted in Figs. 10 to 14.
The oscillating and increasing behaviors of the ¢, , ,’s as a function of ¢ are

again found similarly to the preceding Kr?*-molecule collisions. This is qualitatively
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on N,. The notation * means the on CO,. For symbols, see Fig.5.

number of transferred electrons.
Solid lines are served to guide the
eye. The marksof @, A, W, V¥
and ¢ correspond to k=1, 2, 3, 4
and 5, respectively.

and quantitatively supported by the COEM. The o0,,.; results for £2>2 become
closer and more complicated as the molecular weight and the ionicity ¢ increase,
and these trends are similar to the Kr?" cases. However, a little difference is seen
at around ¢=9, if we compare the Kr?*-CO, collision with that of Xe?*-CO, colli-
sion, for one example. This is attributable to a shell effect of the projectile ion
whereby Kr®* is a closed ion for shell electrons, while Xe®* is a less closed one
owing to its electronic complexity. The one-electron capture probability P(d) for
the Kr?* ion decreases at around ¢=9, but that for the Xe?* ion does not drop so
significantly. Since the cross section 0,,_; is expressed by our SETM formula, the
difference between Kr?* and Xe?* ions appears at around ¢=9 for the large % values.

4. Summary

We have measured the cross sections of single- to multiple-electron transfers for

slow and multiply charged Ne, Ar, Kr and Xe ions on the molecular targets of H,,
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Table 5. Charge transfer cross sections for Kri*(g=2~9) ions on
Cross
Ion q Target
Og,q-1 Og,q-2
Kre 2 N, 1.50+£0.17(—15) 1.24+0.21(—16)
3 1.13+0.13(~15) 5.51+0.64(—16)
4 3.87+0.45(—15) 1.5440.18(~15)
5 3.64.+0. 46(—15) 1.67+0.22(~15)
9 3,63+0.46(—15) 1.53+0.19(~15)
7 5.23+0.67(—15) 1.24+0.16(~15)
8 4.94+0.57(~-15) 1.55+0.18(—15)
9 6.97+0.81(—15) 1.594+0.20( —15)
Kra+ 2 CO, 1.94+0.23(—15) 1.8640.27(—16)
3 1.59+0.19( ~15) 1.01+0.12(~15)
4 3.86+0.45(—15) 1.81+0.21(—15)
5 3.50+0. 44( —15) 1.92+0.24(—15)
6 4.23+0.54(~15) 1.36+0. 18(—15)
7 5.55+0.71(—15) 1.51+0.20(—15)
8 4.86+0.57(—15) 1.74+0.20(—15)
9 7.22:+0.84(~15) 1.5140.20(—15)
Kre+ 2 CH, 1.3440.19(-15) 4,5710.67(—16)
3 2.00+0. 24( —15) 9.60+1.15(—16)
4 4.76 £0.56(—15) 1.88+0.22(—15)
5 3.8910.50(—15) 1.90+0.24(—15)
6 5.64+0.72(~15) 1.55+0. 20(— 15)
7 5.96+0.76( ~15) 1.76+0.23(—15)
8 5.82+0.68(—15) 2.011+0.24(-15)
9 8.63+1.01(—15) 2.05+0.25(—15)
Kre* 2 C,H, 2.07+0.24(—-15) 6.52+0.77(—16)
3 3.98:0.46(—15) 2.02+0.24(~15)
4 5.11+0.59( —15) 2.22+0.26(—15)
5 5.82+0.74( —15) 1.92+0.24(—15)
6 7.14+0.93(—15) 2.40+£0.32(—15)
7 7.07+0.90(~15) 2.18+£0. 33(—15)
8 7.56+0.90(—15) 2.4110.28(~15)
9 9.83+1.14(-15) 2.16+0.26(—15)
Kret 2 CH;  2.30£0.27(—15) 1.02+0.12(—15)
3
4
5
6
7
8
9

4.81+0.56(—15)
5.24 0. 61(—15)
6.50+0. 82(—15)
7.58+0.96(—15)
7.57+0.96(—15)
8.56:+1.01(—15)
1.18+0.14(—14)

2.61+0. 32(—15)
2.31+0.27(—15)
2.24+0.29(—15)
2.56+0. 32(—15)
2.35+0. 30(—15)
2.58+0. 35(—15)
2.09+0.27(~15)
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N;, CO,, CH, C,H; and C3Hjg at 0.286 keV/amu in energy.

section (cm?)

04,0-3

Oq,0-4

3.93+0.50(—17)
1.16£0.15(—16)
5.5440.71(~16)
9.6311.22(—16)
1.08+0.14(~15)
9.21+1.09(~16)
8.74£1.41(~16)

3.11£0.80(—17)
1.29+0.17(—16)
3.34:+0.48(—16)
4,97+£0.59(~16)
2.57+0.36(—16)

1.93+0.63(—17)
1. 87 +£0.49(—17)
7.72+1.19(—17)

98:+1.06(—17)
1410. 42(—16)
68:+1.23(—16)
34+0.17(—15)
19+0.15(—15)
06+0.13(—15)
13+0.14(~15)

il e o o

6.71+0.99(—17)
2.95+0.43(~16)
7.1410.95(~16)
7.63£0.90(—16)
6.3310.89( ~16)

7.61 £7.06(—18)
8.07+1.41(—17)
2.2840.32(—16)
9.75+3.05(—17)

34+1.46(—17)
2840.51(—16)
45+1.24(—16)
32+0.17(—15)
23+0.16(—15)
19.+0. 14(—15)
37 +£0.16(—15)

el

9.98+5.71(~18)
6.20 £0. 85(—17)
3.47£0.47(—16)
6.40+0. 85(—16)
6.10£0.74(—16)
2.4310.47(—16)

1.2240.82(—17)
3.69+0.99(—17)
9.98:+0.32(—17)

.9940.35(—16)
.1240.13(-15)
. 8710.24(—15)
.9410. 25(—15)
.3110.17(—15)
.3110.17(—15)
.6710.23(—15)

= e e e el

3.4540.75(—17)
4.160.59(~16)
1.20£0. 16(—~15)
1.47+0.19(—15)
1.2840.17(—15)
1.14+0.15(—15)

1.52+0.90(—17)
9.11+4.47(-17)
4.72+0.64(—16)
7.4810.92(—16)
4.2210.68(—16)

4.2610. 80(—16)
1.7140.20(—15)
2.2210.29(-15)
1.68+0. 21(—15)
1.3940.20(—15)
1.3440.19(—15)
1.62+0.21(—15)

7.09+1.63(~17)
7.77+1.02(~16)
1.72£0. 23(—15)
1.70£0. 22( ~15)
1.26+0.18(—15)
1.50+0. 20( ~15)

6.68+1.29(—~17)
3.61+0.51(—16)
9.89+1.29(—16)
1.3010.22(~15)
1.30+0.17(—15)

11
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Table 6. Charge transfer cross sections for Xe?*(g=2~11) ions on

Cross
Ion q Target
Og,q-1 Oq,q-2
Xet* 2% N; 2.57+0.30(—15) 2.81+1.02(-17)
3 1.4330.17(~15) 2.98+0.37(—16)
4 3.07+0.38(—15) 1.26+0.15(—15)
5 4.4940.53(—15) 2.16+0.25(-15)
6 4.04+0.51(~15) 1.99+0.23(—15)
7 5.331+0.66(—15) 1.67 £0.20(—15)
8 4.91+0.87(—15) 1.74+0.24(—15)
9 7.35+0.90(—15) 1.90+0.23(—-15)
10 6.39+0.78(—15) 1.7440.21(—15)
1 9.30+2.53(—15) 1.62+0.47(~15)
Xe+ 2% CO, 2.62+0.31(—15) 4.62+1.27(—17)
3 1.6540.19(—-15) 6.84+0.83(—16)
4 3.3940.40(—15) 2.1840.26(—15)
5 3.96+0.50(—15) 2.2340.27(—15)
6 4.35+0.51(—15) 2.13+0.26(—15)
7 5.06 +0.59(—15) 1.69+0.20(—15)
8 5.03+0.64(—15) 1.63+0.19(—15)
9 5.81+0.70(—15) 1.55+0.19(—15)
10 7.4710.87(~15) 1.77+0.21(—15)
11 7.87+1.88(—~15) 1.69+0.41(-15)
Xet* 2% CH, 1.58+0.19(—15) 2.24+0.33(—16)
3 1.80+0.21(—15) 9.05+1.06(—16)
4 4.82+0.57(—15) 2.12+0.25(—15)
5 4.13+0.48(-15) 2.30+0.28(—15)
6 5.314+0.63(—15) 1.8140.23(-15)
7 5.62+0.67(—15) 1.82+0.22(—15)
8 6.14+0.72(—15) 1.90+0.24(-15)
9 8.00+0.98(—15) 1.84+0.23(—15)
10 9.92+1.15(-15) 2.27+0.27(—-15)
11 —_ —_—
Xet+ 24 C,H, 2.14+0.25(-15) 8.23+0.98(-16)
3 2.85+0.33(—15) 2.1240.27(—15)
4 5.2640.62(—15) 2.9240.34(—15)
5 5.15640.61(—15) 2.55+40.31(—15)
6 6.0440.94(—15) 2.06+0.24(—15)
7 5,85+0.72(—15) 2.4440.30(—15)
8 5.68+0.70(—15) 2.0440.25(—15)
9 8.79+1.06(—15) 2.2240.27(-15)
10 1.0940.13(—14) 2.8640.34(—15)
11 1.1540.19(—-14) 3.38+0.56(—15)
Xed* 2% C;Hg 2.63+0.31(—15) 8.93+1.10(—16)
3 3.90+0. 46(—15) 2.8140.34(—-15)
4 5.63+0.66(—15) 3.07+0.37(—15)
5 5.5040.65(—15) 2.36+0.29(—15)
6 6.97 +0.83(—15) 2.2610.27(—15)
7 6.70+£0.79( —15) 2.58+0.31(—15)
8 7.17 +£0. 88(—15) 2.5140.29(-15)
9 1.05+0.13(—14) 2.46 +0.30(—15)

10
11

1.09+0.14(—14)
1.05+0. 23(—14)

2.89+0.38(—15)
3.00+0.66(—15)

* These collisions were measured at about 0.262keV/amu in energy to
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N,, CO,, CH,, C,Hg; and C;H; at 0.286 keV/amu in energy.

section (cm?)

Oq,9-3

Og,q-4

Og,4~5

7.88+1.73(~17)
3.70+0.58(~17)
4.08:+0.51(~16)
9.01+1.05(—16)
.06+0.13( —15)
.12+0.16(—15)
.370.17(-15)
.0210.12(—15)
.28+0. 33(~15)

bt ek pd

1.08:£0.60(—17)
3.80+1.54(—17)
2.05+0. 28( —16)
3.51+0.59(~16)
3.65+0. 47(—16)
2.61+0.33(—16)
3.93+1.43(—16)

8.60+5.92(—18)
1.2140. 45(—17)
3.94+1.10(—17)
4.20+1.33(~17)
5.37 £0.90( —17)
1.04+0.95( —16)

2.38+0.71(—17)
1.38+0.21(—16)
7.10+0.83(—16)
1.2910.16(—15)
.50+0.18(—15)
.35+0.16(—15)
.39+0.17(—15)
.25+0.16(—15)
.38+0. 34(—15)

kb o et

2.81+2.27(—17)
1.2140.25(—16)
5.33+0.76( —16)
6.37+0.75(—16)
7.04£0.85(—16)
6.48+0.78(—16)
5.96+1.43(—16)

[T

6.80+0.94(—17)
9.54+1.67(—17)
1.0140.19( —16)
1.70+0. 24( —16)
8.96+6.61(—17)

4.15+2.02(—17)
.89+0. 54(—16)
.98+ 1. 20( —16)
.37+0.17(—15)
.58+0.19( —15)
.4510.18(-15)
.58+0.20(—15)
.49+0.19( —15)

= b OO

5.86+1.27(—17)
2.81+0.37(—16)
4.08+0.49(—16)
6.29+0.82(—16)
5.24+0.74(—16)
3.99+0. 49( - 16)

T

3.10+1.89(~17)
6.24+2.66(—17)
6.52+2.40(—17)

1.31£0.33(—16)
8.83+1.07(—16)
.89£0.22(—15)
.18:+0.25( —15)
.66£0.21(—15)
.43+0.17(—15)
.65+0.20(—15)
.600.20( —15)
.86+0.32(~15)

b bk et b b DN

2.45+1.13(—17)
2.05+0.31(—16)
9.15+1.14(—16)
.57+0.19(-15)
.21£0.14(—15)
.46+0.19(—15)
.53+0.27(~15)
.55+0. 30( —15)

bt

m

3.13+1.58(—17)
7.43+1.40(-17)
3.27+0.77(~16)
5.24+0. 69( —16)
5.05+0. 63( ~16)
6.22+0.73(—16)
6.36+1.46(—16)

1.62+0. 38(—16)
.44+0.17(~15)
.48+0. 29( —15)
.30+0.27(—15)
.61+0.19( —15)
1.6110.20(—15)
1.4810.22(~15)
1
1

1
2
2
1

.30+0.20(—15)
.62+0.34(—15)

8.83+1.47(—17)
5. 47 +0.64(—16)
1.53+0.18(—15)
2.07 £0.24(—15)
1.58+0.19(—15)
1.69£0.22(—15)
1.55+0.24(—15)
1.02+0.27(—15)

1.23+0.22(—16)
1.5140.19(—16)
7.77+0.95(—16)
1.05+0.14(—15)
1.0110.14(—15)
1.09:+0.16(~15)
1.12+0. 26(—15)

prevent an electrical breakdown in ion acceleration.
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N,, CO, CH,, C,H; and C;H;. These are compiled in “ Part II " of this report,
and the features are summarized as follows:

(1) The cross sections of the single- and double-electron transfers ¢, and 65,
for Ne?* jons onto H, slightly and sharply decrease against impact energy, respecti-
vely.  These behaviors are in contrast to those for the Ne?*-He collision®.  (See
Part 1.)

(2) The double-electron transfer cross sections, 0,43 for Ar?*, Kr?" and Xe?*
ions on H, show a very similar dependence on the projectile charge ¢, and have
their maxima at around ¢=5. Note that the maxima in cases using an He target
are around ¢=7. (See Part 1.)

(3) The single- to multiple-electron transfer cross sections, o¢,,x(k=1, 2, 3,
-++), for Ar?*, Kr? and Xe?" ions on N, to C;H; reveal similar statistical patterns as
a function of ¢, but are more complicated as the target molecule becomes more
complex. The statistical behaviors are explained in principle by our “statistical
electron transfer model ” (SETM)?.

(4) The o,,,; values for all targets against the ion charge ¢ show oscillations
and increasing magnitudes. This is supported by the prediction of the *classical
one electron model ” (COEM)*, and the observed values are consistent with the
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calculations by the model.

(5) The present compiled data offer much important information concerning the
mechanism of charge transfer collisions, which will be disscussed elsewhere in the

near future.
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