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Cross sections for charge-changing processes involving kilo-electron-volt H and*H
with CO and CO,
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Absolute differential cross sections are reported for electron capture and loss by 1-5 keV H atoms incident
on CO and CQ for laboratory scattering angles up to 1.73°, and for charge transfer of 1-5 keMthi CO
and CQ for scattering angles up to 2.51°. To our knowledge, the H-atom differential electron-capture and -loss
cross sections presented here are the first of their kind for CO and T¢@ differential electron-loss cross
sections are very similar to one another, and to previous measurements with other molecular targets, suggesting
that some aspects of these collisions may be amenable to a relatively basic theoretical model. The differential
measurements reported here significantly advance our knowledge of these collision processes and very good
agreement is observed between the corresponding integral cross sections and prior work.
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[. INTRODUCTION transfer cross sections, but the experimental procedures em-
Advances in our understanding of fundamental atomicployecj are significantly different and are described sepa-

collision phenomena depend heavily upon the availability Ofrately.
reliable experimental data; this is particularly true in areas
where theory is relatively undeveloped. The various charge-
changing processes involving keV H and id collision with

atoms and molecules have been subject to quite extensive The experimental method has been described in detail
experimental investigation, but for CO and & Q@here are  previously[24,25. H, is admitted to a magnetically confined
significant gaps in our knowledge. Charge-changing crosglasma ion source. lons are extracted from the source
sections for H and Hwith CO and CQ have been measured through a small aperture, accelerated, and focused to form a
by a number of prior investigatofd—21] and, in most cases, peam of the desired energy. Two confocal 60°-sector mag-
there is general agreement between the various studies asﬁets are used to Se'ect+anS which then enter a Charge_
the magnitude of the total cross sections. However, there aligansfer cel(CTC) where some of them are converted to fast
very few prior measurements for some of these processgfeutral H atoms via charge transfer with krypton. At the
and no prior H-CQ electron-capture data. Furthermore, t0 energies studied here, the near-resonaritKd charge-

our knOW|Edge, there are no pUbllShEd differential cross S€Gransfer reaction produces predominanﬂy ground_state hy_
tions (DCSg for electron capture or loss by H atoms for any grogen. A strong electric fielt400 V/cm applied via de-

of these targets; the only available DCS data are for chargfection plates DP1 removes residual ions and also serves to
transfer of H at a single energy18]. Here, absolute DCSs guench any KRs) metastables that may be presg]. The

and corresponding integral cross sections are reported fQfgtral beam is collimated to an angular divergence of
electron capture and loss by 1-5 keV H-atoms incident oy goe° by passage through a pair of laser-drilled apertures
CO and CQ for laboratory scattering angles between 0.020%4¢ form the exit of the CTC and the entrance to the target
and 1.73°, and for charge transfer of 1-5 keV #ith CO )| (TC). Following passage through the short target cell,
and CQ for scattering angles between 0.026° and 2.51°.  the H heam impacts a position-sensitive detet&BD?) lo-

I't is yvorth noting that the re'ported data find dlr_ect appli- cated 68 cm beyond it. A set of deflection plat&P?2) is
cation in models of the Martian atmosphere. Since Margyjjized to deflect fast product ions emerging from the target

lacks an intrinsic magnetic field, its atmosphere, which isyq through an angle of approximately 5° onto a second
largely composed of COwith smaller amounts of CO and position-sensitive detectdPSD2.

other gase$22], is directly impacted by solar wind protons * 14 measure the differential electron-capture or -loss cross
and by energetic H atoms formed via charge trang?8l.  gection, CO or CQis admitted to the target cell and the
Atmospheric models involving the interaction of the SOIarangIes of scatter of the Hor H* ions, formed through elec-
wind require knowledge of the processes studied here. Thg,n capture or loss by the primary H atoms, are determined
data presented are also pertinent to the interpretation of €gqym their positions of impact on PSD2. The H-atom flux
ergetic neutral atom{ENA) measurements from the Mars jncident on the target is determined by combining the num-
Express spacecraft. ber of H atoms that impact PSD1 with the number of ions
Il APPARATUS AND EXPERIMENTAL METHOD produced. These measurements, together wr;h the target
number density, the target length, and the relative detection
The apparatus shown in Fig. 1 is used to measure H-atorefficiency of the two PSDs are sufficient to determine the
electron-capture and -loss cross sections arfdchlarge- absolute differential and integral cross sections.

A. Electron-capture and -loss measurements
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Measurement of the target number density and targethe target cell and impacts PSD1. PSD1 serves to measure
length is straightforward but evaluation of the PSDs’ relativethe flux of protons passing through the target cell and also to
detection efficiency requires careful consideration of the demeasure the scattered H-atom products. Note that, since
tectors’ characteristid6,27]. As discussed previous[25], = PSD1 is physically smaller than PSD2, it is repositioned
it is accomplished by alternately deflecting ah idn beam  closer to the target cell so that data are collected over a
onto PSD1 and PSD2. In practice, the detection efficienciesomparable angular range to the electron-capture and -loss
are quite similar: PSD2’s efficiency is 6-8% lower than thatmeasurements.
for PSD1, depending upon the energy of the incident ions.  In order to measure the differential charge-transfer cross

Since the measured cross sections are generally smalection CO or CQ is admitted to the target cell and the
compared to those for reneutralization of the charged prodangles of scatter of the neutral H atoms, formed by charge
ucts, it is necessary to maintain conditions in the target celtransfer of the primary Hions, are determined from their
so that the probability that a charged product ion is reneupositions of impact on PSD1. Unscattered primary ibhs
tralized is low. To this end, the pressure in the 1.46-mm-longare normally deflected away from PSD1 using deflection
target cell is maintained at 30 mtorr, which allows for rea-plates DP2 but are allowed to impact it periodically to assess
sonable count rates while keeping secondary collisions to atihe primary beam flux. These measurements, together with
acceptable level. Corrections of approximately 10% arghe target number density, obtained from the target gas pres-
made to the electron-loss cross sections, utilizing the presestire, and target length are sufficient to determine the abso-
charge transfer cross section data, to account for the loss bite differential cross section. Note that thé Bind H-atom
H* ions via this process. Corrections are not made to theletection efficiencies are identical within experimental un-
electron-capture cross sections because information on elecertaintieq 30].
tron loss by H ions is very limited 8,28] and, to our knowl-
edge, there are no published cross sections at the relevant
energies. The available data, however, do suggest that the !ll. RESULTS: ELECTRON CAPTURE AND LOSS
magnitude of the correction needed for the electron-capture BY H ATOMS
cross sections is also on the order of 10%.

_ Due to the finite angular range subtended by the detectqty iong are shown in Fig. 2 and selected values are tabulated
it is not possible to collect all of the fast ionic products. The

) X . : in Tables | and Il. Besides the statistical uncertainties shown
degree to wh|ch the integral cross section approximates th&n the graphs there are additional systematic uncertainties
total cross section may, however, be estimated from the rg; range from +10% to +17%Table Iil). The angular un-
pidity with which the DCS decreases with increasing scatter.q tainties arise from the finite primary beam size and the
ing angle. This indicates that the present integral eleCtronéngular resolution used for analysis. From Fig. 2 it can be
capture cross sections, especially at the higher projectil

. bl L h I een that, while all of the DCSs are forward peaked,
energies, are a reasonable approximation to the total Crogge iron-capture collisions tend to result in smaller scattering

sections. By contrast, the slower decrease with angle of thQngles than electron-loss collisions. For the lowest energy
electrqn-lqss DCSs would seem to suggest' that the COM&tudied, the DCSs decrease slowly with angle indicating that
spondl_ng_ integral cross sections S.hOU|d b_e _V'eV_Ved merely % significant fraction of the colliding particles is deflected
Iowe_r limits to the total cross sections; this is discussed fur'through relatively large angles. There is no evidence of struc-
ther in Sec. [II. ture in the DCSs; the variations seen in the 1 keV electron-
capture cross sections are almost certainly statistical in na-
ture. At the moment, no other experimental data exist with
The experimental method has been described in detaiwhich the present results may be directly compared.

previously[29]. A proton beam is generated as described in  One noteworthy feature of the CO and £€électron-loss
Sec. Il A, however, for charge transfer, the CTC is evacuate®CSs is their similarity to one another as illustrated in Fig.
and no electric field is applied between the DP1 deflectiorB(a), and to DCSs for other molecular targets as shown in
plates. The collimated proton beam therefore passes throudfig. 3(b). It is also apparent that, above a few tenths of a

The measured differential electron-capture and -loss cross

B. Charge-transfer measurements
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FIG. 2. Absolute differential cross sections for electron loss by H atoms in collisiongait®O, (b) CO,; and for electron capture by
H atoms in collisions witHc) CO, (d) CO,. For convenience of presentation the data have been multiplied by the factors indicated.

degree, the DCSs fall on a common curve whose angulat may be possible to describe some aspects of these colli-
dependence parallels that of the H-8lrect scattering cross sions in terms of a single relatively basic scattering model.
section[31]. This is in accord with the assertion by Van Zyl  The present integral cross sections and their associated
et al. [32] that the angular dependence of H-atom electronuncertainties are tabulated in Table IIl. The uncertainties are
loss and direct-scattering DCSs should be similar, except girimarily due to the PSD relative efficiency calibration, the
small angles. Although theoretical approaches are not wellncertainty in the ratio of the Hto H-atom detection effi-
enough developed to handle electron-capture and -loss collciencies, and to the repeatability of the measurements. The
sions with any great degree of rig83], the strong resem- integral electron-loss data are compared to previous total
blance between the various electron-loss DCSs suggests thatasurements in Figs.(a& and 4b). Note that the high-
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TABLE I. Laboratory frame differential H-CO and H-G@lectron-loss cross sections, whéres the projectile energy and the numbers
in square brackets represent powers of ten.

do(9)/dQ (107 cnP srh)

H-CO H-CO,
Laboratory angled
(deg E=1 keV E=2 keV E=3 keV E=5 keV E=1 keV E=2 keV E=3 keV E=5 keV
0.020+£0.015 9.12+1.83] 4.27+0.324] 8.10+0.404] 2.07+0.065] 1.06+0.194] 4.02+0.304] 9.57+0.424] 2.30+0.075]
0.048+0.015  1.02+0.12] 3.78+0.194] 6.57+0.244] 1.44+0.085] 1.03+0.1P4] 4.16+0.204] 7.95+0.264] 1.64+0.045]
0.075+0.015  1.00+0.0@] 3.27+0.144] 4.93+0.1¢4] 8.51+0.214] 9.19+0.873] 3.38+0.154] 5.99+0.184] 1.01+0.025]
0.116+0.015  7.11+0.68] 2.17+0.094] 2.71+0.104] 3.27+0.114] 8.68+0.673] 2.50+0.104] 3.21+0.1{4] 4.10+0.124]
0.157+0.015  6.06+0.53] 1.26+0.064] 1.51+0.064] 1.47+0.064] 5.87+0.493] 1.49+0.074] 1.73+0.0T4] 1.90+0.074]
0.198+0.015 5.27+0.43] 8.78+0.463] 8.85+0.483] 8.40+0.423] 5.58+0.433] 9.75+0.483] 1.07+0.0%4] 1.09+0.0%4]
0.252+0.015 3.03+0.38] 5.13+0.313] 4.85+0.283] 4.91+0.283] 3.15+0.293] 5.71+0.333] 5.50+0.303] 6.06+0.313]
0.320+0.025 2.09+0.13] 2.66+0.123] 2.55+0.113] 2.84+0.113] 2.23+0.183] 3.13+0.183] 3.51+0.123] 3.55+0.123]
0.402+0.025 1.23+0.18] 1.54+0.083] 1.68+0.083] 1.73+0.083] 1.46+0.103] 1.84+0.093] 2.17+0.093] 2.30+0.093]
0.484+0.025 8.57+0.72] 1.05+0.063] 1.07+0.063] 9.95+0.562] 9.93+0.742] 1.24+0.073] 1.41+0.073] 1.47+0.073]
0.607+0.025 4.97+0.62] 7.04+0.492] 6.75+0.442] 6.32+0.412] 5.97+0.582] 9.37+0.542] 8.79+0.482] 8.36+0.4%52]
0.893+0.025 1.42+0.42] 2.18+0.292] 2.71+0.262] 2.28+0.242] 2.47+0.412] 3.09+0.312] 3.73+0.292] 3.66+0.272]
1.405+0.056  7.73+2.48] 1.19+0.1%2] 1.03+0.122] 8.93+1.151] 1.13+0.282] 1.25+0.1%2] 1.40+0.132] 1.28+0.1%2]
1.732+0.056 7.73+1.74] 6.92+1.381] 4.14+1.281] 3.08+2.341] 7.12+1.7{1] 8.77+1.4{1] 7.50+1.31]

energy measurements of Tobureial. [11] and Dimov and  While the large uncertainties associated with the Donahue
Dudnikov[8] are not shown. The overall agreement betweerand Hushfaf4] data make precise comparison difficult, their
the various measurements is quite good. The excellent agredata are, nonetheless, not inconsistent with those presented
ment between the present 2 keV data and those of Sehith here.

al. [16] and of McNeal 14] indicates that the present integral A few general comments on the data in Fig. 4 are in order.
cross sections are very probably much closer to the totaAll of the cross sections are relatively small, certainly by
cross sections than might be expected from analysis of theomparison with typical near-resonant charge-transfer cross
DCSs (Sec. Il A). The integral electron-capture data aresections(Sec. V), and they all decrease substantially with
shown in Figs. &) and 4d) together with those of Donahue collision energy. Both of these phenomena derive from the
and Husfaf4] and Pilipenko and Fogéb]. The present data fact that these H-atom electron-capture and -loss reactions
are in good accord with those of Pilipenko and Foggl  are endothermic and require the input of roughly 14 eV in

TABLE II. Laboratory frame differential H-CO and H-Cfelectron-capture cross sections, wheré the projectile energy and the
numbers in square brackets represent powers of ten.

do(9)/dQ (1078 e srh

H-CO H-CO,
Laboratory angled
(deg E=1 keV E=2 keV E=3 keV E=5 keV E=1 keV E=2 keV E=3 keV E=5 keV
0.020+0.015  7.66+5.58] 5.35+1.083] 1.34+0.164] 4.29+0.274] 1.14+0.543] 8.78+1.343] 2.11+0.204] 5.76+0.324]
0.048+0.015  2.04+0.48] 3.88+0.613] 7.98+0.823] 2.26+0.184] 1.06+0.373] 6.93+0.803] 1.77+0.1%4] 4.09+0.174]
0.075+0.015 7.68+2.62] 1.99+0.363] 3.93+0.4%3] 9.95+0.693] 8.65+2.722] 5.08+0.5¢3] 1.01+0.074] 1.80+0.094]
0.116+0.015  6.07+1.92] 1.82+0.273] 2.10+0.273] 3.55+0.333] 8.73+2.102] 2.61+0.313] 4.11+0.383] 5.91+0.423]
0.157+0.015 7.39+1.52] 1.08+0.173] 9.93+1.602] 1.02+0.1%3] 5.88+1.412] 1.30+0.193] 2.42+0.2%3] 2.38+0.233]
0.198+0.015 5.97+1.22] 6.33+1.302] 3.97+1.042] 5.12+0.982] 6.28+1.342] 7.28+1.412] 1.01+0.1%3] 1.14+0.143]
0.252+0.015  3.26+1.13] 4.06+0.922] 2.68+0.722] 2.83+0.692] 2.06+1.002] 3.55+0.902] 5.48+0.972] 3.90+0.802]
0.320+£0.025 2.05+0.48] 2.05+0.392] 2.11+0.372] 1.00+£0.292] 8.67+4.471] 1.92+0.392] 2.23+0.392] 1.91+0.342]
0.402+0.025  5.14+4.11] 1.43+0.332] 8.63+2.491] 3.59+2.181] 9.30+3.951] 1.15+0.332] 1.23+0.282] 9.65+2.591]
0.484+0.025  7.07+3.48] 6.37+2.621] 8.27+2.261] 3.58+1.891] 6.92+2.741] 7.05+2.251] 4.90+1.981]
0.607+0.025 3.87+2.82] 1.96+1.961] 3.31+1.991] 2.43+1.601] 5.50+2.421] 2.34+1.601]
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TABLE IIl. Absolute integral electron-capture and -loss cross sections for H atoms with CO and CO
The angular range for the integral cross sections is 0°-1.79°.

Electron losg(10716 cnm? srt) Electron capturé10™’ cm? srl)
Energy
(keV) co co, CO CO [ole)
1 0.83%0.10 0.95+0.12 0.90£0.15 0.92+0.15
2 1.42+0.15 1.67+£0.18 1.22+0.15 1.28+0.16
3 1.70+0.17 2.14+0.22 1.21+£0.14 2.42+0.26
5 2.11+£0.21 2.75+0.28 2.10+0.22 3.72+0.38

order to proceed. While the kinetic energy of the projectile islV. Besides the statistical uncertainties shown on the graphs
much greater than this, conversion of sufficient kinetic enthere are additional systematic uncertainties that range from
ergy to internal energy requires close collisions and therefore6% to +9%(Table V). All of the DCSs are strongly forward
results in comparatively small cross sections. Furthermoregyeaked as might be expected given the small energy defects
as the collision energy decreases the energy needed for ther these reactiongl8]. Both DCSs exhibit oscillatory struc-
reaction to take place represents a much larger fraction of theire at the lowest energies. This structure has been attributed
available kinetic energy and the cross section decreases coto-a combination of various interference effects by @aal.
siderably. Similar behavior is observed in highly nonresonanf18] whose 1.5 keV DCS data are shown for comparison. No
charge-transfer collision§34]. These energy arguments structure is seen in the higher energy DCSs, perhaps because
alone do not explain why the electron-capture cross sectionsf the multiplicity of available scattering channels at these
are so much smaller than those for electron loss. It seemsnergies.

reasonable to suppose that the electron-capture cross sectionsAlso shown in Fig. %) is the 1.5-keV DCS calculated by
are smaller than the electron-loss cross sections because Kimura et al. [35] using the molecular orbitalMO) ap-

the additional requirement that ar kbn be formed. proach. While the general trend of the calculated cross sec-
tion is consistent with the experimental data, there are im-
IV. RESULTS: CHARGE TRANSFER OF H * IONS portant differences: the experimental cross section has a peak

at 0.09 degrees but the theoretical curve dips at this angle;
The measured differential charge transfer cross sectioralso, the sharp dip in the calculated curve at 0.2° is entirely
are shown in Fig. 5 and selected values are tabulated in Tablbsent from the experimental data. It seems improbable that

(@) N (b) —

10° 10°

10* 10*

FlkeV —— 3 3 3
do(8)/dQ2 . . do(8)/dQ . 7
(10" %emPsry | | (10" %e®sry | |
10° = 10° =
¢ L — H-CO Present data o ¢ L H-CO Present data i
o H-CO, Present data 3 oo H-N, Smith et al. V=
L — —-H-N, 5keV direct scattering DCS i \\ ] T — — H-N, 5 keV direct scattering DCS \,\ ]

11 1 I Lol 1111l 1 1 1 1 1 Pt I\ 11 1 P11 1111l 1 1 1 11 PPt I\

001 0.1 1 001 0.1 1
Laboratory angle (deg) Laboratory angle (deg)

FIG. 3. Comparison of the present H-CO electron-loss DCSs (&jtthose for H-CQ, and(b) those for H-N reported by Smitlet al.
[24]. The H-N, direct scattering cross section is also shd&|.
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FIG. 4. Integral cross sections for electron loss by H atoms in collisions @it&80, (b) CO,; and for electron capture by H atoms in
collisions with(c) CO, (d) CO,. Previous total cross section measurements are shown for comparison.

these discrepancies are entirely attributable to the finite arlh this case, the angular resolution of the measurements
gular resolution of the measurements. Furthermore, the reguvould, to a significant extent, mask such oscillations. How-
lar oscillations seen in the theoretical curve for angles greategver, it is possible that the oscillations may simply result
than 0.4 degrees are not observed in the experimental dattiom the limitations inherent in the calculations themselves

[35]; in a recent study, Cabrera-Truijillet al. [36] demon-

TABLE V. Absolute integral cross sections for charge transfer ofstrated that similar oscillations were due to just such a cause.

H* with CO and CQ. The angular range for the integral cross

sections is 0°-2.58°.

Charge transfet10716 cn? sr't)

Energy

(keV) CO (6{0)
1 16.51+1.49 14.96+1.35
2 15.81+£0.95 13.56+0.81
3 14.93+£0.90 13.31+£0.80
5 14.27+0.86 12.87+0.77

The fact that the DCSs are so strongly forward peaked
means that virtually all of the scattered H-atom products are
detected and therefore the present integral cross sections are
essentially equal to total cross sections, and they are there-
fore compared to the previous total measurements in Fig. 6.
Note that high-energy measuremer%10,11 and those
subject to very large uncertaintigk5], are not shown on this
figure. Likewise, the data of Shah and Gilbodyg], which
are normalized to those of Rudet al. [17] and cover a
similar energy range, and those of Browning and Gilbody
[9], which include additional contributions due to ionization,
are not shown. Apart from the scatter in the 5 keV H-CO
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FIG. 5. Absolute differential cross sections for charge transfer‘oivith (a) CO and(b) CO,. The 1.5 keV DCS data of Geat al.[18],

shown as a solid line, and the 1.5-keV calculations of Kinatral.[35], shown as a dashed line, are plotted for comparison with the present

2 keV data. For convenience of presentation the data have been multiplied by the factors indicated.

TABLE IV. Laboratory frame differential H-CO and H-CO, charge transfer cross sections, whEre the projectile energy and the

numbers in square brackets represent powers of ten.

do(9)/dQ (101 cn? srh)

H*-CO H*-CO,
Laboratory angle?

(deg E=1 keV E=2 keV E=3 keV E=5 keV E=1 keV E=2 keV E=3 keV E=5 keV
0.026+0.016 1.93+0.08] 2.72+0.086] 3.33+0.036] 4.27+0.036] 3.93+0.085] 9.76+0.175] 1.70+0.026] 2.88+0.026]
0.044+0.016 8.84+0.08] 1.07+0.016] 1.29+0.016] 1.53+0.016] 4.88+0.075] 1.06+0.016] 1.49+0.016] 1.88+0.026]
0.061+0.016 3.17+0.05] 6.17+0.095] 7.21+0.095] 6.93+0.085] 5.90+0.065] 9.64+0.115] 1.02+0.016] 8.22+0.085]
0.079+0.016 2.84+0.08] 5.91+0.085] 5.35+0.075] 3.85+0.0%5] 6.10+0.065] 6.60+0.085] 5.45+0.075] 3.44+0.0%5]
0.096+0.016 3.88+0.08] 4.44+0.065] 3.38+0.0%5] 2.08+0.045] 4.94+0.0%5] 3.66+0.0%5] 2.91+0.045] 2.10+0.085]
0.114+0.016 3.75+0.08] 2.67+0.0%5] 1.91+0.085] 1.13+0.025] 3.14+0.085] 2.00+0.045] 1.88+0.035] 1.29+0.025]
0.149+0.016 1.28+0.08] 1.27+0.085] 8.79+0.204] 4.56+0.184] 9.97+0.164] 1.11+0.025] 8.06+0.184] 5.19+0.144]
0.202+0.016 9.02+0.14] 5.42+0.1%4] 2.87+0.104] 1.84+0.074] 8.86+0.134] 4.69+0.134] 2.99+0.104] 1.94+0.074]
0.254+0.016 5.39+0.08] 1.74+0.084] 1.16+0.064] 7.89+0.443] 4.89+0.094] 1.86+0.084] 1.18+0.0%4] 9.44+0.463]
0.324+0.016 2.27+0.08] 7.86+0.463] 4.86+0.323] 4.05+0.283] 1.70+0.0%4] 7.87+0.443] 6.13+0.343] 4.19+0.273]
0.412+0.029 9.78+0.18] 3.90+0.173] 2.98+0.183] 2.06+0.103] 1.00+0.024] 4.25+0.173] 3.19+0.133] 2.56+0.113]
0.570+0.029 1.97+0.03] 1.65+0.103] 1.17+0.073] 9.83+0.622] 2.44+0.083] 1.76+0.093] 1.62+0.083] 1.13+0.063]
0.885+0.029 5.07+0.32] 4.60+0.4%2] 3.93+0.342] 3.24+0.312] 6.23+0.382] 5.94+0.472] 4.88+0.3¢2] 4.23+0.322]
1.385+0.071 1.41+0.09] 1.44+0.182] 1.34+0.112] 1.09+0.102] 1.87+0.102] 2.03+0.142] 1.88+0.122] 1.45+0.102]
1.806+0.071 7.67+0.82] 7.11+0.981] 6.30+0.861] 6.64+0.971] 1.13+0.092] 9.64+0.971] 8.15+0.871] 8.97+0.971]
2.507+0.071 4.83+1.0%] 4.66+1.011] 3.83+0.801] 2.89+1.121] 7.13+1.181] 5.76+0.961] 3.89+0.76¢1] 2.82+1.021]
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FIG. 6. Integral cross sections for charge transfer &fwith (a) CO, and(b) CO, together with previous total cross section measure-

ments. Berkner, Pyle, and Steafid$] actually measured cross sections for &nd their data are therefore plotted at the equivalent proton
energy.

data, which is clearly due to the large uncertainty associatedrovide a more sensitive test of the theory than the total cross
with the Ruddet al. [17] measurement at this particular en- section.

ergy, there is good agreement between the various studies for The H'-CO, calculations of Kusakabet al. [21] and

both targets. The integral cross sections reported by €ao those of Johnson and Park&9], also based on the work of

al. [18] are also consistent with the measurements in Fig. ®lsen et al. [38,40, are shown in Fig. ®). Perhaps not

[37]. surprisingly they both exhibit a similar monotonic energy
The large magnitudes and the energy dependences dkpendence, and neither reproduces the plateau that is ob-

these total cross sectior(§ig. 6) are consistent with the served in the 1-5 keV region. Kusakabe al. [21] have

near-resonant nature of the reactions. Furthermore, the fagtlvanced some suggestions as to the origin of the structure

that the CQ cross section continues to increase rapidly at thén this particular energy dependence curve, however, without

lowest energies, in contrast with the behavior of the COmore information these must remain speculations.

cross section, is a consequence of the significantly smaller

energy defect for the CQreaction. It is to be noted that, with

the present apparatus, it is not possible to distinguish be- . . :
tween simple charge-transfer and transfer ionization: al- Absolute differential cross sections are reported for elec-

though it seems very unlikely that transfer ionization will be tron capture and loss by 1_5 keV H atoms |nC|de°nt on CO
significant at these relatively low collision energies. Also,and CQ for laboratory scattering angles up to 1.73°, and for
while some fraction of the slow product ions undoubtedIyCh".’mJe transfer of 1-5 kEVHN'th CO and CQ for scat-
dissociate, our apparatus provides no information on theiferng a_ngles up to 2.51° To our knowledge,_ the H-atom
fate. According to Browning and Gilbodig], the majority of differential eleetron capt_ure_ and loss cross sections presented
the CO product ions do not dissociate at the energies studher.e are the first of their kmd_ for CO and @_(Ihe differ-
ied here and the fraction that do increases with increasin ntial electron-loss_ cross sections are very similar to one an-
energy. ther, and to previous measurements with other molecular
In addition to the various experimental investigations, thetarge_ts, suggesting the possibility that some aspects of these
H*-CO calculations of Kimuraet al. [35] and those per- collisions may be amenable to a relatively basic theor_etlc_el
formed by Kusakabet al.[21] using the Olson formulg38] model. The differential measurements report_e(_j here signifi-
are shown in Fig. @). The Kimuraet al. [35] cross section cantly advance our knowlque of these collision processes
reproduces the measured cross section quite well, and bett@pd very .good agreement is observeq between the corre-
than that resulting from the use of the Olson formula, WhichSpondlng integral cross sections and prior work.
tends to overestimate it. It is worth noting that the discrep-
ancies between the calculated and measured total cross sec-
tions are relatively small when compared to the discrepan- We gratefully acknowledge support by the National Sci-
cies seen between the corresponding DCSs in Fig. 5. In thence Foundation under Grant No. 0108734 and by the Robert
latter case, the discrepancies exceed an order of magnitude/t Welch Foundation. We would also like to acknowledge
certain angles, thus clearly demonstrating that the DCS canseful communications with Pontus Brandt.
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