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- ABSTRACT

 _Tdta1:co11ision cross-section measuremenﬁs of‘lJZS-
fQ Zs?kerH*; Ho, Hf,‘and H2+ in Xe are reported for the
nine processes H 2T H°, i <1, H° T H™, and H2+ > [H,
H—,(Hg)ande)]. Single and double electron-stripping
;rpsé secfions for which tﬁe Xe atom does not change‘charge,
dedu;ed frqm combining preseht and:past resﬁlts;-are aisd
réported, .Comparisons are made With available experimental

data and with theoretical values.



I. INTRODUCTION

vIﬁ'this‘paper_we'report.measurements of total cross sections of
1.25- to 25-keV'H+, H°, H-; and Hz+ éollidingiwith xenon.! Over the
present energy range, we are aware of several previqus experimental
studiés.bf'tofal.crbss—section measﬁrements in xenon gas;z- however,
there‘exist géps in the.energy fange and sohe discrepancies in magni-
tude and_in'energy dependence of the cross sections. Therefore, we 
felt it desirable to obtain a,self—consistent set of cross sections
by measuring the elementary interactions between.H+, HO, H , and H2+
and xenon '&ith the same experimental technique and apparatus.

We have made measurements of the following processes in xenon

gas:

00 .'H%—+H° .. : (single electron capture)
‘,cl;li [Ty . (double electron capture)

991 _'Ho-*H+. - « (single electron loss)
00;1 'Hof*H_ - (single electron capture)
0_10:' H‘7+H° | - | (single electron loss)
CETE ‘H7~fH+ | (déuble electron loss)
'o+:'  H2+L¥H+ | (prpton productioh)
o Hé+a-H" (negatiye ion pfoduction)
60:  H2+a-H£°énd Ho (neutral productionj;

Recently Afrosimov, et al_.8 have investigated, by a coincidence -

: techhiqué, charge-state changes occurring in the interaction of 5- to

(o)

" 50-keV Hf,’H , and H with xenon gas. With the coincidence method the:

charge statesof the two colliding particles are measured simultaneously



but nofinfofmation is'dbtained_about'collisions in whieh the fest particle
chaﬁge§ charge while the'target atom does not. However, by combining

phr measuremehts with the results of Ref. 8, it is possible‘to deduce
cross Sectiqﬁs for collisions of this type.: Consequentiy,.we also

report cross sections for the following processes over the energy range

5- to 25-keV:

'0_10003' HT + Xe > H° + Xe + e (single electron stripping)

1°-1o1o: H + Xe » H' + Xe + 2e (double -electron stripping)

- %010° H® + Xe »H' + Xe + e (single electron stripping)

There_have'beeh_a nhmber of previous experimental investigations
on xenon targets other than total cross-section measurementé. Those
pertinent to'the present paper8~13.as well as total-cfoss—section
measuremehts eutside of and overlapping the preseht energy range2"7’14’15
’ere summarized in Table I. | l
- Relevant theoretical investigations are limited to single electron-

‘ cathre by profons} 'For high impact energies, the classieal binafy-
encduntef-epproximation of Gryzinski16 has been used by Garcia, Gerjuoy
and Weiker.17 They_have also modified the Gryzinski formalism in
_erder_to avoid divergent eross~sections and to make the method compatible
with detailed balancing. Agreement wi%h experimentél data for Gryzinski
end modifiedfGryzinski'calculations is poor below 20 keV. (See Section
Iii,:Fig. 2.) For electroh capture at low energies, Shakeshaft and

A Macekls haye.fprmulated-the coupled-state impact parameter method for
general'atom;aﬁom collisions taking full account of electron spin_and

‘have'applied the method to calculate the single-electron-capture cross



seﬁfiqn‘af 0.015, 0.3, and 1.0 keV for proton_collisions,with xenon,-
'The reéults of thisrcalculation are in excellent-agréément‘with ﬁhe
experimental-results of Koopman14‘($ee Section III, Fig.‘2). The impact
paramefer.fofmalismlg is valid for energies considered in the present
work; but we know of ﬁo evaluation in this energy fange.

We note thaf at ehergies below 0.1 keV, well below ﬁhe energy
range covered by»the present paper,’Maier15 hasvupplieduthe approximate
,theory 6f asymmetric charge transfer of Rapp and Francjs,zo which héé
been modified slightly by Lee and Hasted,21 to the proton-xenon electron-
capture‘reagtion. The results of Maier's semi-empirical calculation
sﬁow good agreement with his experimental results for the energy de-

pendence of the cross section.

II. APPARATUS AND PROCEDURE

22 '
were extracted, elec-

',Ioﬁs produced in a low-voltage-arc source
trostatically focused, and accelerated.. The ions passed between two
sets of‘électroétatié defiection.piates which were used to stecer the
-beam‘bqfh vertically and horizontally. The beam was.éhopped‘af é_
fréquency'of 3.2 Hz by square-wave modulation of the voltage on one
‘set 6f steering plates. The beam was then momentum analyzed By a 20°
bending magnet.andrentered the experimental chamber.

' Eithef_positi?e or negative ion beams.¢ou1d be directly extracted
.from the source. During negaiive—ion operation a ﬁagnetic field was
:provided‘at thevbasg of the source to suppress electrons. At ﬁost
' energies; the H intensity, measured in the experimentalvchamber, was

comparable to or slightly greater than the H intensity. Typical H

!
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currents ranged frém 1x108At01 x i056 A. Therﬂzf Beam-intensity
wés generally an order of magnitﬁde greater than tﬁe H beam intensity.
The pressuré in the acéelgrator stack during source operation ranged
between 7 x 10™* Pa and 1.6 x 107> Pa.

With ouf acceleratorland beam-transport system, low-energy deuterium-
ioﬁ cﬁrrehts are larger than currents of-hfdrogén ions of the same veldcity.
Thérefore,'iow-energy-measuréments were made with deuterium beams, on
thé usual -assumption that cross sections for all hydrogen isotopes will
be the saﬁevat a given velocity. At intermediate energieé we have
dehonstrated'that this aésumptibn is verified within our experimental
uncertainties. However, small systematic differénceé can not be ex-
cludedg:v

'There'élways are §mall H2+ conpamihations in-D+ beam;, énd vice-versa.
The effects of these coﬁtaminations have been shown to be insignificant
in 6ur experiment. |

A schematic diagfam of the experimental arrangement.is shown in

Fig. 1. The mddulated, momentum-analyzed H+, H or Ho+ ion beam of the

required energy {(within the range 1.25 to 25 keV) entered a large

4-Pa, through

vacuum‘chamber, maiﬁtained at a pressure of about 1 x 10~
 a71.S—cm-dimm apertufe and passed through a gas cell which, in the
 case QfYHO primary beam measurements, served as a néutralizer for_thé H
ion beam. Sufficient hydrogen (or deuterium) gas was admitted tovneutraé
lize approximately 50% of the H+‘(0r D+) beam; The residual H ions

were eléctfbsta;icélly deflected into a magnetically-guarded Faradéy cup.

- + . + . - . - . .
When H , H -, and H beams were desired, the neutralizer cell was evacuated

5
and the ions were not deflected. The primary beam (Hf,_Hp, H, or H7+)
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fhen ﬁassed'thfough a farget cell containing xenon gas;_”Thé charged
béémléoﬁfonents emerging from the target.ceil were separéted electro-
stati;ally‘and.colleéted in magneticaily—guarded 2.2-cm-diam Faraday
cups. The neﬁtral component of the beam was measured with a pyroelectric
detéc_tofz3 and a phase—sehSitive amplifier. The calibration of the

detector was checked frequently with charged beams during the taking

s

2

detectors (see Fig. 1) so that the dissociation fragments from H2+-Xe

of.daté. The H Faraday cup was positioned behind the three other
coliisions éou1d be collected as closé és posSible (25 cm) to the target
'céll.

The gas-target cell.has a l1-mm-diam entrance aperture and a 5-mm-
diaﬁ exit aperture; -these cbliimatoré are tubular to reduce the gas flow
froﬁ the target cell. A simple calculation bésed on conductances and
assuming zero pressure at the collimator exits givés an effective cell
length of 4.2 cm. The effective:1ength was also caléﬁlated with a
Monte Carlo code24; in this case gas in the beam‘liné outside of the
collimaibrs is included. The Monte Carlo result, 4.4 + 0.1 cm, is used
in the data reductions. |

A Bafoéel'capacitance manometer was used to determine the»xenon
gas pressure in the cell. The absolute'caiibratioh‘was checked above
2 Pa with an oil manometer; by interchanging the reference and measure-
ment fﬁnctions Qf the two chambers of the capacitance manometer and
interﬁolating the resu1ts for both deflectioﬁs-of the manometer diaphragm,
wevdeﬁonstréted lineafity for the lower pressures used in the measurehents.
Wé eétimate a possiblé standard syStematic uncertainty of + 4% in the

pfessure measurements; combining this with the uncertainty in the gas-cell
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length we:éstimate + 5% for the target—thickne#s'uncertainty.'

All apeftﬁfes Between the farggf and éollectors were large enough
so that thé Faraday cups énd the neutrél &etector were the limiting
‘apertures. ‘To enéure cbmplete collection of each collision product,
the-?articlé detectors,were'movéd from their normal position, both
toward and away from the target cell; 'It‘wés found that the.gréatest
scattering waslfOf p* resulting from thé'dissociation.of 2.5-keV

2
explored in greater detail. For a constant target thickness the p*

D +; therefore, the coliection‘of 1.25-keV D' from this reaction was
cup was moved sﬁch that its acceptancé angle fangéd from + 50 mrad
to + 30 mr_ad;vthevD+ fraction was found to be'conétant withiﬁ the
ekperimenfal uﬁcérféinty of + 2% until the accepténce angle was less
‘thén':;40‘mrad. Since the acceptance angie of the defectors in their
nbrmal-fbsitioﬁ is :_44]mrad; the uncertainties due to incompiete
particle Coilection-appear to be'negligible compared tb_other ﬁncertain—
~ties in tﬁé measureﬁehts. |

| The écceleration pofentiél (between source anode and ground) was
meaéﬁréd by a high?impedanﬁe divider calibrated ;o v 1% witﬁ a high
Séﬁsitivity kilovoltmete:.ﬂ For the low-voltage-arc ion source, we
expect the‘poténtial drop‘at the_souréé sheéth'to be small compared
“to tﬂe lowest a;¢e1eratioh voltage used. The’ioﬁ;beém enérgy was taken
tb'be fhat of the measured acceieration.voltége wifh,a standard uncer-
tainfy of + 4%,
All‘cfoss séctipns were obtained using thin—target‘data. Therefore,

: v . . 25 . . '
to a good approximation = each cross section is the slope of the beam-

component linear growth curve:
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where'F is therobseryed fractional yield of a given collision product
and is-thé’target thickness (afoms/cmz).

At~thé-16wer energies (1.25j to 3-keV), ‘due to the loss of sensi-
tivity of thé‘pyroglectric detector (see Ref. 23) and the decrégse in
primary-bgam—intensity, the cross seéfions 010; °_10° and o, were
determined by ﬁeasuring fhe attenuation of the primary beam. In this

case the total attenuation cross section can be obtained from
g = - dap ' (2)

where P‘is.the surviving fraction of the'primafy beam.25 The cross
sections olo,vo;io,_and oo-were obtained by subtraéting Cross sections
fgr the competing loss précesses from da, e.g., Olb =0, 011" The
Cross seéfions fof_the competing processes were obtained from the
_growth curve.méasurements; in all cases these were less than 5% of o,
From ¢oﬁsideratioﬁs of internal consistency and long-term reproduci-
Bility we assigﬁ étandaid relative uncertainties of +4% to cross sections
for charged ﬁfimary beams and + 7% to cross sections for neutral primary
beams, ekégptvas noted in the tables. As.previouSIy noted, possible
systematic eXperimeptal uncertainties resulting ffom pressuré measure-.
méﬁts and target-thickness calculations are estimated to be within + 5%.
As an independent check of ourltechnique, we méasured the single-
eiectron—capture cross section, 010, for 10—keV protons in H2 and com-
paféd'itvwith results reported in the literature. . Thé average value
of ten independent measurements reported26 for %0 is (8.2 + 0.3) x
-16 '

10 cn’ per molecule; our result of 8.1 :_O.4-x 10718 is in excellent

agreement with this average.



III. RESULTS AND DISCUSSION

A. H+ Collisions

Our éxperimental singie- and double-electron capfure créss éections
for energetic protons in ienon aréigiveh in Table 11, they are also
showﬁ in Fig. 2, aloﬁg with‘dtﬁér méasurements reported»inithe litera-
tﬁre and the.results of theoretical calculafibns of glO (see Section I). .
The_points'obtained by.Afrosimov, ét a1>.8 with a coincidence technique
ére‘the sum 6f the féur-crogs sections for electron capture’whenvthe
‘genon target is left in charée'states'+l through +4. The results of
Stedeford_and'Hés£éd2 aﬁd:thosevof Koopman14 were obtéined with the
'condenseréplate_method'while our cross'séctions and those of Afrosimov,
.et‘al,,4 Williams aﬁd bunbar,svénd LeDoucen, ét‘al.§'Were derived from
growth and.aftenuation measurements. The discrepancy among the vérious
919 M2 '
(typically 7 to 10%), but there-is no'indication of ény systematic

measuiements is slightly greater than the quoted uncertainties

discrepaﬁcy due to different meésurement techniques. Our'o10
resﬁlts‘are.in'excellent agreemént with those of Afrosimov et al.
and with éﬁ éxtrapolafioﬁ of cross sectiohs obtéinedvby Shakeshaft and
vMacek18IWith a three-state impact parameter calculation (the initial
Stafe is thé grdupd state of Xe and the fiﬁal states are Pi/z and
vzpsl/zf‘"f xe+i'_

In the case of double-electron capture, our results agree very well
Qiﬁh two previous measurements obtained from growth and attenuétion

 measurements°’S and the sum ofvthe appropriate partial cross sections

of Afrosimov et al.8 for energies greater than 8 keV. Our results confirm
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the previously reported maximum™’" in o at about 3 keV, although our
» P P 1-1 : 8

values for the cross sections are larger.

B. H® Collisions

‘Oﬁf résults for the Cross sections for electrdn‘losé, 991° and
capture, 00_1, fqr cpllisioﬁs between H atoms and xénon are given in
Table II. They also are shown in Fig. 3, along witﬁ the results of other
investigators.s’s’8 As éthérs héQe‘noted (éee, e.g;'Ref. 5), these cross
sectipns'cén be éffected by the fraction of the incident neutral beam
in excited states, either the métastable 2s. or long-lived highly excited
statés. We'have applied 2s quenching electric fields of 140 to 4000
V/cm without affecting either 601 or‘oo_l. Riviere and Sweetman27'have
shown that the population of long-lived excited atoms is altered by a
change in the target thickness; therefofe, to test fdr the effect of
highly—excited atoms we changed the target thickness of the neutralizer

-cell. iNo.change in the measured values of 991 OF Og.p Was observed as

4

the HZ(DZ) neutnalizer thickness was varied from 4 x 10l to 1016-mole—

cules/cmz; Finally, one would expect very few excited H atoms to be formed
by electron-detachment of H . We therefore spot-checked some of our

'coi' 0-1 measurements with H beams produced from Hf and again observed

and ¢
no effect. From this we coﬁclude that it is unlikély fhat we had an
appreciable,éontamination of excited atoms in our H bean.

The discrepancy between our meaéurements and those of Ref. 5 is

striking and far outside the estimated uncertainties of the two experiments.

C. H™ Collisions

Our electron-loss cross sections, ¢ 1Oando 11° are also listed in
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Table II; they are shown in Fig. 4 along with previous re_sults.z’5 The

results'ovailliamsS are a direct measurement of ¢ 10 whereas Stedeford
and Hasted, who used the condenser-plate method, measured o 10 * 2¢ 11°
We are not aware of previous measurements of o 11 with which to compare

the present data.

D. Electron Stripping

‘We can obtalnvthe cross sections for 51ng}e'(0_1000 and 00010) and

doublé (0_1010) electron stripping processes in which the Xe atom is not
"ioﬁizéd‘(éee Section I) by subtracting from our total electron-loss

c;oss sectigns (g_lo, ofll; Ana 001) the appropriate partial cross

sectidns meaéuréd by Afrosimov, et'al.8 for glettrbn;loss with accompanfing
- éinglé and multiplgvionizati§n offthe target xenoﬁ,atoms. The_resulté_'

of the‘subtraCtion are shown in Fig. 5 as dashed.lines. For cbmparison

we ﬁave includéd our total electron-loss cross sections as solid lines

in Fig. 5. We see that the stripping collision is the dominant electron
loss meéhanism-over the present energy range.

' YIWe do ndt know what uncertainties to assign to these cr&ss sections
 since they are obtained by.éaking the difference éf-results obtained at
two’different-laboratories. We‘note, however, éhat‘our‘electronQQapture

cross sections are generally in good agreement with the sum of the

partial cross sections reported by Afrosimov: et al.g(see Figs. 2 and 3).

+'ColliSions

- E. EQ ‘ | | |
" We have measured cross Sections_fbr HY prOduction_(c+), H pro-
“duction (d'),'and neutral production (00) in H2+*Xe éollisiohs. The

cross section o, arises from the following processes
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o
01: H2+ > H+ + H
02:» - H+,+,H+'+ e
ot +H +H -e

Therefore the measured cross section is g, =9 +'Zd7 + O-

The cross section ¢ arises from the processes

+ + -
: GS'Y Hz - H + H .— g
O o H e H - 2e
0 + H f'H- - 3e
The measured cross section is o_ = Og *+ 0g + 207.
The cross section % arises from the processes
9y¢ Hzf > H°+.‘H+
Oqt > H°+'H°- e
: > Hy - e
4 I
Og! B Hof H; - 2;

Since the pyroglectrib>detector measureé a signal proportional to the

powér déﬁosited atvthe_defector, the measured cross section is the total
neutralvpower production cross section and‘is giveﬁ by 00==201-+03-+o4;+%06. i
(The cross Se;tion o4xhas recently been measured Separately.zg)

Qur results for O,» 0_, and % are given in Table III and shown in

2,5,7,14

Fig;'é along with other relevant measurements. The cross section

' o has a maximum centered around 10 keV. A measurement at 6 keV by

_Broﬁiilar&, et_.,al.7 is also shown. The oﬁly other measurements of which
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we are awareiare unpublished results by Williamsso; theserare.not-shbwn

' bécauéé of the lafge scattervin the measurements.‘ |
We'éré not aware of any direct meagﬁreménts‘of 0.3 theré are,

: however,.”Charge éXChange”_meésurements obtained by collecting slow

ibﬂs apd electrons in the target chambef -~ the condenser?plate method

used by Stedeford_and Hasted2 and By Koopman.14 It can be shown that

" I - - (L : - .z — - y .

Ix % ,(201.+ 9, o¢ 3/206 307)i Although none of the cross
s . e 31 v .
sections in the brackets are known individually, these cross sections

o . v : o oo - 30
can be expressed in terms of o and o _: oy - "ccx” = ——s5—— . When

the right handvside of this equation is evaluated with the cross sections
iiSted‘in Table IIT, we see that at our highest enefgy % exceeds ”ocx“
by onlyVS%, and by less than 2% at our lowest energy. ' Therefore, within
the experimental unqertainties, we can compare o, aﬁd ”ocx”; from Fig. 6.
fwe,see fhat fhére is good_agreement. |

It is Weil known that the interpretation of experimental.data for
colliSioné’invblving”fast H2+ primary beams is complicated since it is
difficult’td specify the dégree'of vibrational excitation of the primary
| H2+ ioh; Depending on the ion-source tyﬁe and its operating conditions,

measured values of dissociation cross sections have been found to vary

5,32 We used a low-voltage arc source; Stedeford and

as much as 30%.
Hastéd,z a hét;filament reflecting-arc discharge; Williams and Dunbar5
and Koopﬁan;14 a radié-frequency ion Source; and Broﬁillard et a].7 a
dﬁdelasmaffon;  In spite of the variations in ion sources, there.is good

‘agreement among the results for 9, shown in our energy rangeé; agreement

between the c+'resu1ts is not good at the higher energies.
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IV. CONCLUDING REMARKS

Estimates of the absolute uncertainties associated with cross
.SectionS'showU'in Figs. 2-6 can not 5e obtained from the literature
in ail'cases.AiTo avoid cluttering the graphs we have not shown any
error bars. However, we note that the results. of separate experiments

often differ by many standard deviations!
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" Laboratory by J. N. Chubb: UKAEA Culham Laboratory Report CLM-

R 54 (1966); Vacuum 16, 591 (1966).

‘The cross sections presented in the tables and .figures were

actually obtained by numerical solution of the complete set

- of coupled différential:equations which describe the population

of_the'beam components. However, for the target thicknesses -

used'in this experiment, these solutions differ from those

'tébfained from Eqs. (1) and (2) by less than 3%.

v To obtain ﬁhis average we used the summary of measurements

. pri§r5t§'1966 given in Table III of F. J. DeHeer, J.-Schutten,
_Jand‘H.'Mpﬁstéfa, Physica 32, 1766l(1966), (the'measurement of 

Yu. S. Gordeev and M. N. Panov, Soviet Physics - JETP 9, 656

(1964), which differs markedly from the other results, was not

\

included in the average) and the measurement by J. F. Williams
~and D. N. F. Dunbar, Phys. Rev. 149, 62 (1966) .

A. CLVRiviere and D. R. Sweetman, in Atomic Collision. Processes,

M. R. C.chDowell, ed. (North-Holland Publishing Co., Amsterdam

1964), p. 734.

‘Wévhave fo1lowed the notation of D. R. Sweetman {Proc. Roy. Soc.

(London) A256, 4163(1960)] for the definition of ol‘through 9y
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K. H. Berkner, and R. V; Pyle, in_Electronic:and Atomic Collisions,

J. S. Risiey.and R. Geballe, eds. (University of'Washington Press,
Seattle, 1975), Vol. 2, p. 709; a more complete report has been
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TABLE I - Summary of reported measurements for fast hydrogenic projectiles in collision with xenon.

. Authors

Stedeférd and Hasted
Foggl et al;
Afrosimov et al.
Williams_and.Duﬁbar
" Koopman |
Rozéttband Koski
Afrosimov ef al.
McNéal et al.
LeDoucen et él;
Maier II

Abignoli ef al.
Dehmel et.al.
,fournier et al.

Brouiilard et al.

(1955)

(1958-60)
(196@)
(1966-67)
(1967)
(1968)

(1969)

(1970)
1(1970)
(1972)

N (1972)

(1973)

(1974)

(1975)

Ref.

Energy Range

(keV)
1-40
2 - 50
10 - 100
2 - 50
.07 - 1.05
.004 - 050
5 - 50
1-25
15 - 150
.0005 - .1
5 -3
08 -2
1 -5

- 6[ =

Z8/c0pk

00

i

0



Table II - Electron-capture and loss cross sections for collisions of: D+ Do, D, H+, HO,'and H™ with Xe.

Relative uncertainties are as shown in column headings except as noted  Not included are syste-
matic uncertainties whlch are estlmated to be less than +5%. : - :

Energy _ Cross Sections (1()_17 cm /atom).
Ce s ae - _
E%;;? O10(t4%) oy (48 o (RTR) gy (27%) 0y (24%) -11(+4 )
incident o . '
D*, D®or D™ | 2.5 264 0.34% 118 1.9
- 3.0 0.38P . 118 2.2
4.0 272 0.90 6.5 8.5
4.4 A 1.18 -
5.0 236 1.36 6.2 10.6 138 2.9
5.7 248 1.30
6.0 s 6.2 10.8
6.6 231¢ 1.30
6.9 : 6.3 11.0 1562 3.4
8.0 205 1.03 6.3 9.4 169 4.0
10.0 194 1.12 8.4 8.5 . 176 5.0
12.5 9.4 7.4 194 6.1
15.0 166" 1.59
20.0 154 1.78 14 5.9 /215 9.7
incident
H*, H® or H- 5.4 8.0 8.6
' 9.2 13 6.0
112.0 _ 18 6.1 ,
12.5 141 2.04 238 11.8
13.2 18 5.7 _
15.3 124 1.97 235 12.9
18.0 118 1.92 24 4.9 234 14.6
20.0 28 4.6
22.0 1.7 33 3.5 | 218 17.1
25.0 1.5G 38 3.0 { 220 18.7

[}
[+1+f+
b b~
U O o°
S8 o

o R
et e N

- 02 -



Table III - Cross sections,.oo, o, and o_ (see text), for collisions
+ + . s

of D, and H, with Xe. Relative uncertainties are * 4%

except as noted. Not included are systematic uncertain-

“ties which are estimated to be less than +5%.

vﬁ:ﬁigy-- Cross Sections (1“0—17 cmz/a;om)
(keV) : "00 o, : o
incident D, 2.5 258 9.1 | 0.079°
: 3.0 2582 9.7 - 0.095%
4.0 245 o
5.0 230 | 12.2° 0.155
7.0 227 15.2 . 0.231
10.0 224 | 17.0 0.32°%
15.0 206 . 18.1 0.34
20.0 193 19.2 0.35
" incident H2+ | 101 188 - - 19.0 0.36
- 13.0 182 20.0 0.36
16.5 172 20.8 0.51
20 156 22.9 0.27.
25 1532 23.2 0.265

0
—
<
e
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Fig. 1 Scheme of the experimental arrangement.

Fig. 2 Cross sections %10 and 911 for single- and double-electron
capture for-collisidns of energetic H' ions with Xe.
010:'(|., present results; WV, Stedeford and Hasted (Ref. 2):

-0 s sum'of partial cross sections measured by Afrosimov
et al. (Ref. 8) (see text); <>, Afrosimov et al. (Ref. d4);
. ()‘, Williams and Dunibar (Ref. 5);<>, LeDoucen et al. (Ref. 6);

—, Koopman (Ref. 14); curve Gl, Gryzinski calculation

of Garcia et al.. (Ref, 17); curve G2,'modifjed Gryzinski
' calculation of Garcia et al. {(Ref. 17); S, impact parameter
'caléulation of Shakeshaft and Maqek (Ref. 18); M, calcu-
lation by Maier (Ref. 15). |
9 @, present results; C), Williams (Ref. 5); &,
Fogel et al. (Ref. 3); O, sum of partial cross sections

measured by Afrosimov et al. (Ref. 8) (see text). Note:

the cross sections o have been multiplied by ten.

1-1

X . + |
- The cross sections for D have been plotted at one-half

the D+'energy.v
Fig. 3 - (ross settions_co1 andtco_l'for elecfronloss and capture

. .o .00 ey
for collisions of energetic H  atoms with Xe.

’oo’l:. o, pi‘esent results; O, Williams (Ref. 5); A,

Fogel et‘al. (Ref. 3). Note: the cross section “01 has
been multiplied by ten.

od_l: !. , present results;- O, Williéms»(Ref. 5y, O,
sum of partiél cross sections measured by Afrosimov et al.



Fig. 3
(cont.)

Fig. 4

Fig.' 5

Fig. 6

- 23 -
(Ref. 8) (see text); A, Fogel et al. (Ref. 3). The
cross sections for D have been plotted at one-half the

D® energy.

‘Cross section's‘o_10 and'o_llffor single- and double-electron

loss for collisions of energetic H™ ions in collision with

- Xe gas. 9_10° @, present results; O,'Williams (Ref. 5);
Hy, Hasted (Ref. Zj; V, Stedeford and Hasted [o,_lo+20_l1

S 0_10] (Rgf. 2).

T @, present results. The cross sections for D~

 have been plotted at one-half the D energy.

- Comparison of total electron-loss cross sections with

electron-stripping cross sections. Solid curves: present

results for totg1 electron-loss cross sections o 10° 001,

dashed curves, derived results for electron-

and o 11

strlpplng cross sections %_1000° 00010,‘and 9 1010 (see text),

- Cross sections 00, O, and ¢ for the.formétion of H,

R - : , : ) + .
and' H, H , and H for collisions of energetic H, 1ions
with Xe gas."ooz o, prgsént results. ”ccx”_(sge text):

{'Koopman (Ref. 14).

‘7, Stedeford and Hasted (Ref.Z);

Lot '|', present results; C), Williams and Dunbar (Ref. 5).

+.

o : .‘., present results; B, Brouillard, et al. (Ref. 7).

Note: the cross section o _ has'been_multiplied by ten.

- The cross sections for D2+ have been plotted at one-half

+ .
the D2 energy.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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