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Production of neutral fragments from the dissociation of fast H3+ ions
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H3+ ions of velocity 4—7 a.u. have been passed through targets of several noble gases, He, Ne, Ar, and
Xe, and the production of single H atoms, single H2 molecules, and pairs of H atoms has been studied.
These are the main dissociation channels leading to the production of atomic and molecular neutral par-
ticles, other processes —formation of one H3 molecule, three H atoms, or one H2-H pair —being negligi-
ble as they require electron capture by these fast projectiles. The yields for the processes under study
were measured as a function of target pressure, and the production cross sections extracted from the
low-pressure region of the yield curves.

PACS number(s): 34.90.+q 34.50.—s

I. INTRODUCTION

During the past decade the H3+ ion has received con-
siderable attention due, first of all, to its relevance as the
simplest polyatomic molecule. This intrinsic importance,
together with the increasing availability of computing
power, led to a rising number of molecular-structure cal-
culations [1]. It is also important for covalent-cluster
studies, nucleating H2 molecules in order to form H„+
clusters [2]. Even more important is the interest of
this ion for basic and applied atomic-collision physics,
on topics ranging from astrophysics to plasmas.
For instance, recent theoretical models [3] point to H3+
as the intermediate needed to form complex molecules
in the interstellar space, through reactions like
++H3 ~XH+ +H2. Also, as the maximum yields for
neutral atomic hydrogen coming from H3+ high-energy
destruction are larger than the ones obtained from lighter
projectiles, H+ and H2+, intense beams of fast neutral
particles may be produced. Consequently, these H3+
beams allow atomic collision experiments to be per-
formed below the low-energy limit that exists for atomic
beams coming directly from the ion source (this threshold
is a characteristic of each accelerating system), and also
may be useful for fusion plasma studies [4].

Concerning atomic collisions, the H3 collisional dis-
sociation has been studied mostly at low energies and for
some specific channels, such as the ones leading to H
H2+, or H+H2 production [5—10], although there are
studies at intermediate and high energies [11—17]. It
must be pointed out, however, that, even with the above-
mentioned work and the references therein, there are few
destruction cross-section measurements, either total or
for any specific channel (see, for example, the review
made by Tawara et al. [18] of electron impact H3+ de-
struction).

The main drive for the low-energy collision work has
been the study of the potential-energy surfaces and the
geometry of excited molecular states. Most of the works
listed in Refs. [5—7] achieved this by measuring the H
energy and angular distributions in the kilo-electron-volt
energy range, although some give distributions for other
fragments such as H+ and H2+. The dissociative recom-
bination of H3+ ions, in particular when it leads to the
simultaneous H and H2 production, has been investigated
by several groups, with cross sections being obtained of
energies of 1 eV and lower [8] and around a few kilo-
electron volts [9]. Cross sections for the simultaneous
production of two hydrogen atoms were also measured
for energies of tens of electron volts [10],as a test for the
excited state content of H3+ beams coming from ion
sources in different operating conditions.

Intermediate- and high-energy H3+ collisions have re-
ceived, since the pioneering works [11], less attention
[12—17]. There are few studies for noble-gas targets, with
H2 receiving most of the attention, and the projectile en-
ergies rarely exceed 1 MeV. Of particular interest for the
work related here are the few measurements of cross sec-
tions for producing neutral particles. Berkner et al. [11]
reported measurements of cross sections for several frag-
mentation channels, with projectile energies ranging from
0.4 to 1.8 MeV (velocities going from 2.3 to 4.9 a.u. ) and
the targets being H2, N2, and Li. The fragments were
measured in coincidence and a low-transmission mesh
was employed in order to discriminate between the ar-
rival at the detector of two H atoms or one H2 molecule.
The probabilities of the several fragmentation channels
for 0.4—0.8-MeV H3 ions (v =2.3 a.u. to 3.3 a.u. ) collid-
ing with H2, Ar, and air targets were measured by Nir
et al. [12]. Afterwards the same group presented mea-
surements [12] at lower velocities (1.4 —2.0 a.u. ) for the
D3 colliding with Hz and Ar. Both works employed
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coincidence experimental setups and in the latter a mesh
was used to discriminate "D2" and "2D" events and, as
the corresponding destruction cross sections were not
available, these measured probabilities could not lead to
cross-section values. Capture cross sections in Ar [13]
and the growth curve for H production in Ne [14] were
measured, although not systematically, together with
H3 destruction cross sections.

Finally, several fast H3+ collision processes were re-
cently measured in our laboratory [15—17], the first of
them being the H3+ destruction in noble gases [15]. The
knowledge of the destruction cross section is important
for the present work as it allows a better modeling of the
neutral yields as function of the target pressure and also
the monitoring of the beam intensity. The destruction is
unlikely to proceed by electron capture [13], although
this may be so at low energies [19], and goes through
mainly by the following dissociative excitation,

o. , for H3++G~H+H2++6,
o.

2 for H3++ G ~H++ H+H+ G,
o 3 for H3++6 —+H++Hz+6,

and ionization channels (single-electron loss),

o.
4 for H3++ G ~Hz++H++e+ 6,

o.
~ for H3++ G ~H++ H++ H+ e+6,

(la)

(lb)

(lc)

(2a)

(2b)

II. EXPERIMENTAL ARRANGEMENT

The incident H3+ beam was obtained from a standard
radio-frequency ion source and accelerated by the
PUC/RJ 4-MV Van de Graaff (HVEC) accelerator, with
energies in the 1.2 —3.7 MeV range. The beam is mass
energy analyzed by a 90 magnet and collimated to a di-

where o.
, is the cross section of each reaction.

The cross sections measured in the present work are
the ones for producing a single H, two hydrogen atoms,
and a neutral hydrogen molecule. They are written re-
spectively as o.o, o.oo, and o.~, where o.

o is equal to the
o, +o ~ sum [processes (la) and (2b)], ooo to o2 [process
(lb)] and, finally, crM to o3 [process (lc)]. Four noble
gases were employed as targets, He, Ne, Ar, and Xe, and
the projectile velocities went from 4 to 7 a.u. The cross
sections for single (o.o) and double mass events
(o „=ooo+oM) were directly measured for these targets.
In order to discriminate H2 from 2H events, for the Ar
case data were taken with and without a mesh in front of
the detector of neutral molecules.

ameter of less than 0.3 mm by four micrometric sliding
slits. This very strong collimation reduced the beam in-
tensity to values that were always maintained smaller
than 10 particles per second allowing the use of surface
barrier detectors to detect the neutral molecules and the
transmitted H3+ ions. A scheme of the experimental set-
up is shown in Fig. 1. Due to these high kinetic energies,
the cross sections for the different channels are not ex-
pected to be dependent on the possible excited
rovibrational-level distribution [8,10,20], as confirmed by
recent measurements of the H3+ destruction [15].

The gas-target cell, 10 cm long, is coupled to a two-axis
goniometer for easy alignment. It has an entrance and an
exit apertures of 0.5 and 2.0 mm, respectively, and is
placed in a chamber evacuated by a 200-1/s diffusion
pump. Vacuum impedances isolate this chamber from
the remaining beam line, where the vacuum is maintained
by two diffusion pumps, each one installed nearby one
impedance. With this arrangement a pressure gradient of
a factor of 10 was obtained between the gas cell and the
surrounding vacuum. Even for a target-detector distance
15 times larger than the cell length this residua1 pressure
had only a small influence on the neutral products, acting
as an additional target with a thickness that is about 1%
of the one for the gas cell. This residual atmosphere is
composed mainly of impurities, including air and water
desorbed by the pipe which brought the gas to the cell,
residual gases from the background, and gases from pre-
vious experimental runs. Several precautions were taken
to avoid this problem including the use of a cooling sys-
tem in which the He and Ne gases leaving the bottles
traverse a liquid-nitrogen trap before entering the cell.
The gas-target pressure was measured employing a ther-
mocouple device, calibrated against a McLeod gauge as
described in Ref. [21]. The uncertainty arising from the
thermocouple calibration was estimated to be less than
10%%uo, being due to both the calibration procedure and to
the McLeod-gauge uncertainty. The nominal purities of
target gases were 99.99%.

The gas cell is followed by another magnet with seven
exits, one in the beam line direction and three on each
side at the angles +15, +30', and +45 . The several neu-
tral events —the arrival of single H, single H2, and two
simultaneous H particles —were detected at zero degrees
by a large (25 mm diameter) surface-barrier detector and
this, together with the H3+ detection at + 15', allows the
yields to be obtained. The output of the detectors also al-
lows the beam energy and composition to be continuously
monitored with oscilloscopes. The molecular-explosion
cone section in the worst case occupies a small fraction of
the detector surface. Another detector, with a diameter

slits
300 cm

p slits
32cm ~15cn:~~

P2I~I
IcI2

65cm

P3

FICx. 1. Experimental setup:
T is the gas cell, G the vacuum
gauge, I; vacua impedances, P;
diffusion pumps, and D surface
barrier detectors (the drawing is
not entirely to scale).
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—15 mm, was employed for the H3+ ions and, in order to
center both beams simultaneously, this detector could be
moved in a plane normal to the detected beam. To avoid
pileup problems the counting rate of the H3+ detector
was less than 10 counts per second, as already stated.
The double-height pulses obtained when H~ or two simul-
taneous H atoms entered the detector were clearly
resolved from single pulses of isolated H atoms, resulting
in two peaks each counted in a different scalar. A third
scalar is used to monitor the H3+ pulses. Starting and
stopping the counting was made by opening and closing a
beam stopper.

In the argon case, a mesh was employed to discrim-
inate between an Hz molecule and two H atoms. The
mesh transmission t has a value of 38%%uo, directly obtained
from transmission experiments of proton and alpha-
particle beams, which is comparable with the value ex-
tracted from the neutral measurements, as will be shown
in the next section. The holes of the mesh are approxi-
mately squares that are 120 X 120 pm . Spectra were tak-
en with and without the mesh. Briefly, when two H
atoms are produced, they arrive simultaneously at the
detector site. The atom-atom distance is of the order of
millimeter, owing to the sharing of the excess internal en-
ergy during the dissociation. Each hydrogen atom could,
independently, traverse the grid or be stopped there, re-
sulting in three possibilities. When both cross the grid an
energy of 2E/3 is deposited in the detector and, if only
one is transmitted, the deposited energy is E/3, where E
is the projectile energy. Otherwise, when only an H atom
or an Hz molecule is produced in the collision it either
crosses the grid or it does not. In case it does, it will de-
posit an energy E/3 if it was an atom and 2E/3 if it was
a molecule. Consequently, algebraic equations depending
on t and t may be written relating these three events
(single H, single H2, or double H production) to the E/3
and 2E/3 peaks in spectra taken with and without the
mesh. In particular, the H+H and H2 cross sections can
then be separately obtained. This analysis procedure will
be fully described in the next section.

Statistical errors were +S%%uo in the most unfavorable
cases. Including also estimations of the error due to the
vacuum quality and to the fitting procedure, an average
uncertainty of at the maximum +12% must be assigned
to the absolute cross sections measured in this work, ex-
cept for the situation where the mesh technique was em-
ployed. In that case the maximum propagated errors
could be 20% for producing two H atoms and 50% for a
single Hz molecule, as will be discussed in the next sec-
tion.

III. DATA ANALYSIS AND RESULTS

Multiple-collision processes depend upon the initial
and the final states of the particles involved in the inter-
mediate collisions and a full understanding requires the
knowledge of a rather large number of cross sections.
For example, if one is measuring the direct production of
a pair of H atoms —H3+~H+H+H+ —the final states
may not be relevant but this is not so in two-step process-
es such as H3 ~Hz(v)+H+~H+H+H+ or

H3+~H2+(v)+H~H+H++H. As further examples
of these higher-order processes one has (1) the H produc-
tion followed by its destruction, (2) the production of two
H atoms followed by one or both suffering an electron-
loss collision, and (3) the H2 production and its breakup
leading to one or two H atoms. Although the analytical
descriptions of the H3+ attenuation and the Hz produc-
tion are easily done, as will be shown, the multiple-
collision production of one or two H atoms may only be
described by very simplified models which, among other
assumptions, neglect electron-capture and double-
electron-loss processes.

It is straightforward to show that, upon neglecting
electron capture by H2+ and H3+ ions, one has

H+
3

E + =ice
H3 s (3a)

&M =&;I
H3

+
H2

0 'll O

e d d—e
H2 H3+

od
(3b)

where N + and XM are, respectively, the measured
3

Aows of H3+ and H2 molecules, N; is the How of H3+ ions
H3 H2inciding upon the target, od and o.

d are the destruc-
tion cross sections and m, the target thickness, is the
product of the target length I by its density n.

The situation becomes much more complex when one
considers the production of one or two neutral hydrogen
atoms„as they may arise from a variety of processes.
Again we will neglect electron-capture channels. Addi-
tionally, the negative-ion production and the double-
electron loss will also be neglected. Even so ten cross-
section values will be needed: o. , to o.

5 for the processes

in Eqs. (1) and (2), o'd' for the H3+ destruction, oo& for
electron loss in a H projectile, and

o.
6 for H2+ +G ~H+ H+ +G,

o.
7 for H2+ G ~H+ H+ G,

o.
8 for H2+ G ~H+ H++ e+ G .

(4b)

(4c)

Considering the processes in a second-order approxi-
mation, and this means considering only two collisions
for each projectile, it is straightforward to obtain

H3+
No=N;m. [pro(1 —

—,'(oo, +o.d' )m. )

+ ( 0 4CT 6 +0 p (To f +0 3 (T 8 )77 ]
H, +

Noo=N;~[aoo(1 —
—,'(20oi+od )~)+(o'i06+~so7)~l ~

(Sa)

(5b)

where Xo is the number of events with only one neutral
atom being produced and Too is the number for two
atoms. It is obviously not possible to extract with reason-
able precision ten cross sections from the fit of two
growth curves to expressions (5a) and (5b), mainly when
it is noted that these expressions themselves are also
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rough approximations.
In the single-collision process limit only three cross

sections are apparently needed in order to describe No,
NM, and N~, as one can get from Eqs. (3b), (5a), and (5b)
in the low-pressure limit:

TABLE II. H+ H and H2 production cross section o.» (10
cm ).

Velocity (a.u. )

Element

NM =N;o Mm

No =N, o.o~,

NOO=N;o. oom . (6c)

He
Ne
Ar
Xe

1.37
4.36

12.3
12.3

1.27
4.39
9.00

13.4

1.08
2.96
8.44

10.8

0.90
3.08
8.42
9.73

However, in order to account for the incident beam at-
tenuation in a nonzero-thickness target at least an addi-
tional fourth cross section is needed and, as indicated by
expression (3a), the measured H3+ flow must be multi-

H+
0'

plied by e to get the incident N; Aow.

A. Analysis of the data taken without the grid

From the data taken without the grid, we have ob-
tained the cross section for production of hydrogen
atoms pro and o.», the total production of neutral particles
with two thirds of the H3 initial energy, i.e., the sum of
o.

oo and o.~. However, as previously discussed, the com-
plexity of the phenomena does not allow fitting the mea-
sured numbers No and N» (Noo+NM) with basic expres-
sions. We have then proceeded as follows: the experi-
mental results No and N» were first normalized to the
number of incident particles N; and a least-square fit to a
polynomial power series of m. (B+ovr+an+P. vr + .. . ),
was then performed. B corresponds to the numbers of
particles at zero pressure, a and P account for multiple
processes, and o. is the desired cross-section production.
When the data corresponding to high-pressure values
were considered, polynomials of third or even fourth or-
der were needed to fit the data. However, a lower order,
say two, was su%cient to obtain a good fit when only the
low-pressure measured values were used. In any case, the
cross sections obtained agree with the others. We have
considered the inverse of the standard deviation associat-
ed with statistical uncertainties, set equal to the square
root of the measured values, as the weight of the data.

We present in Tables I and II the cross sections pro and
o.» as a function of the projectile velocity and for each
gas target.

TABLE I. H production cross section o.o (10 ' cm ).

B. Analysis of the Ar data
taken with and without the grid

We define N, and Nz as the numbers of events respec-
tively corresponding to one-third and two-thirds of the
H3 initial energy, measured when the grid is present.
As before, No and N»=NM+Noo are neutral events
measured without the grid.

When the size of the grid opening is much smaller than
the spatial distribution of the dissociation products we
have

N, (~)=tN, (~)+Zt(1 —t )N~(~),

N2(m)=tN~(n)+t Noo(vr) .

(7a)

(7b)

This condition arises from the need of a negligible proba-
bility of two particles coming from different events and
accidentally going through the same opening (given by
the ratio of the opening area to the beam cross section).
When a molecular ion dissociates, its internal energy,
typically a few electron volts, is shared among the disso-
ciation products which will move away from each other
and from the dissociation center with typical velocities of
—10 a.u. The longitudinal velocity of the primary ions
is, in the least favorable case, 7 a.u. leading to values
around 1 mrad for the angular spread of the beam en-
velope. In our experiment, the detector is situated at a
distance of 1.5 m from the interaction region and, conse-
quently, the cross-sectional radius of the explosion cone
at the detector site is about 2 mm. As the grid used in
our experiment has a measured opening of 120 pm, the
accidental coincidence probability is one part in 1000 and
Eqs. (7a) and (7b) hold true.

Normalizing the measured N„N2, and N» to the in-
cident N; values and considering that the ratios
no =No/N;, noo=NOO/N;, and n~ =NM /N; are not
changed by the presence of the grid, one obtains expres-
sions for nM and noo which may be fitted by polynomials
leading to o.M and croo Equatio. ns (7a) and (7b) give then

Element

Velocity (a.u. ) 0.
&

—tO.
O

2t(1 —t)
(8a)

He
Ne
Ar
Xe

3.77
15.3
31.3
31.9

3.20
13.8
27.8
34.4

2.39
11.1
22.7
27.8

1.88
9.93

21.1
27.8

t ~oo
2

0 M t
(8b)

If one uses instead Eq. (7b) and the Nn =NM +Noo condi-
tion, the expressions for o.~ and o oo become
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TABLE III. H+H (o.oo) and H& (o.M) production cross sec-
tions in Ar (10 "cm').

Velocity (a.u. )

Element

H, +
TABLE V. Ratio o.o/o. d' for H production.

Velocity (a.u. )

Cross section

8.6
2.0

7.4
2.1

6.3
2.3

5.4
2.4

He
Ne
Ar
Xe

0.56
0.69
0.71
0.52

0.65
0.78
0.78
0.64

0.65
0.79
0.80
0.60

0.65
0.86
0.91
0.69

to» oz
t(1 —t)

2o-2 —t o.r,
M r(1 t)

(9b)

trapolating for our energy range, a value of 4 is obtained,
agreeing very well with the data presented in Tables I and
III.

In order to minimize the propagation of fluctuations
we did not employ directly the experimental cross sec-
tions o.

&,
o.z, o-o, and o.», which appear in the right side of

Eqs. (8) and (9), using instead the value coming from the
fit of straight lines 1/o. =a+bv to the data. In the oo
case this procedure is based on theoretical grounds, as
will be discussed in the next section.

We have performed consistency tests between the sets
of equations (8) and (9), remembering that the former is
independent of o.» and that t has a fixed value on both
sets. Concerning the first point we have verified that the
sum of the o.

oo and the o.
M cross sections, with values

determined from Eqs. (8), agrees well with measurements
of o.» made without the grid. In the least favorable situa-
tion, U =4, a.u. , the difference is less than 11%, within
the experimental error. Now, considering t as an adjust-
able parameter, it is straightforward to show that

o ]+202
o o+2o»

Values of t determined in this less precise way for all ve-
locities were found to be compatible with that determined
by direct measurement.

Finally, we note that the cross sections calculated from
the first set of equations presented uncertainties larger
than the ones for the second set. For o.oo, in the v =4 a.u.
case, they came down from 50% to 20%. This led us to
employ Eqs. (9), with the values so obtained being
presented in Table III. As already stated in the Introduc-
tion, only branching ratios for v-3 a.u. H3+ ions and
U-2 a.u. D3+ ions are available in the literature [12].
o.o/ooo ratios may be extracted from their data and, ex-

IV. DISCUSSION AND CONCLUSIONS

In a recent publication [17], initially motivated by the
practical interest of generating H beams in positive-
voltage accelerators, we reported their production by fast
H3+- ions. We have then observed that the ratio of H
production with respect to all H3+ destruction channels
assumed no evident dependence with respect to the tar-
gets and velocities being studied. This was not so surpris-
ing with respect to the velocity, as it presented a narrow
range (4—7 a.u. ), but concerning the chosen targets, going
from helium (Z=2) to xenon (Z=54), this was not ex-
pected. Another interesting regularity observed was the
reasonable fit of the H production cross sections by a
semiempirical free-collision-type description, valid for the
targets and velocities. A natural extension of that
analysis would be the investigation of these properties in
the case of neutral channels which present much larger
probabilities than the negative one.

Taking into account the last comments and in the ab-
sence of specific calculations for these processes, the
analysis of the results on the grounds of a simplified mod-
el, such as the one presented by Salpeter for Hz+ [22],
may be instructive. In the Salpeter approach the
molecular-ion excitation to a self-dissociating state is con-
sidered similar to atomic ionization. The energy
difference from the lowest vibrational level of their
ground state, at the equilibrium internuclear distance, to
the lowest self-dissociating state is defined as the
equivalent of the ionization potential for a molecule and
is denoted by c. The projectile electrons are assumed to
be moving freely and with the same velocity as that of the

TABLE IV. Radius parameter R, Thomas-Fermi radius R»,
and R /R» ratio (all values in atomic units). R is the fitting pa-
rameter [23] as determined from the present H production data.

H+
TABLE VI. Ratio o.»/o. d' for H+H and H2 production.

Velocity (a.u. )

Element

He
Ne
Ar
Xe

0.134
0.077
0.070
0.042

RTF

0.703
0.411
0.338
0.234

R /RTF

0.190
0.187
0.207
0.180

Element

He
Ne
Ar
Xe

0.20
0.20
0.28
0.20

0.26
0.25
0.25
0.25

0.29
0.21
0.29
0.23

0.31
0.27
0.36
0.24
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V3+ v+
TABLE VII. Ratios o.pp/o. d' and o.~/a. d' for H+H and

H2 production in Ar.

Velocity (a.u. )

I
f

I f I
/

&

f
I

He (-:4)

Ratio

~+
0 pp/0 d

3

v+
~M/~d 3

0.20

0.04

0.21

0.06

0.22

0.08

0.23

0.10

C4
s )0
O

O
T

v 5

Ne (-:).5)

Ar

Xe

projectile, provided that this velocity is much larger than
the orbital velocities of these electrons. The total cross
section for a given process such as molecular ionization is
then obtained by integrating the momentum-transfer
differential cross section for a free electron above the
threshold q;„=(2m e )

'

This approach, in the atomic case, is the so-called
free-collision model. A large number of works was done
using this model for atoms [23—25]. Reference [23], in
particular, presents a simplified version of this model,
adaptable to the molecular case. There, a Thomas-
Fermi-like expression for the target form factors was em-
ployed, in order to avoid complex calculations for each
target and each momentum transfer. With this ap-
proach, including the definition of two parameters, R and
Q, empirically found to have a power-law dependence on
Z, and some further simplifications [15] we could express
the cross sections as simple functions of the target atomic
number and of the projectile velocity, i.e, 1/o =a+bv .
These two target-dependent parameters a and b are relat-
ed to R and Q [in particular, R =(b/a )'~ /2]. Although
crude, for H3+ projectiles this model fitted well the de-
struction [15] and the H production cross sections [17]
and led to linear relationships between this parameter R
and the Thomas-Fermi radius.

Figure 2 shows the behavior of our H data in this con-
text. We have plotted the inverse of the cross sections as
a function of the square of the projectile velocities. The
data may be well described by straight lines, as the figure
shows.

Numerical values for the parameter R are presented in
Table IV, together with the Thomas-Fermi radii RTF and
the ratio R/RT„. The average ratio is 0. 19+0.01, this
uncertainty being compatible with the standard deviation
of our cross sections. Remembering that the Z-
dependent scaling radius R was defined [23] to obtain a
universal function of r /R for the electronic density of the
target, it is very encouraging to know that R is propor-
tional to the Thomas-Fermi radius. It is also striking to
notice the similar values of R extracted from this experi-
ment and R* corning from a previous one in H3+ de-
struction [16], this one leading to R *=0.19RT„+0.03.

0
0

I i I i I i I

10 20 30 40 50 60
( VI Vo)

FIG. 2. Experimental neutral-production cross sections for
the several targets and projectile velocities (the results are plot-
ted as o.

p
' vs v and fitted to straight lines).

These facts, together with the good fits of Fig. 2, indi-
cate that the main aspects of the phenomena are well de-
scribed by this oversimplified and naive model. They also
indicate that the present H production data and the H3+
destruction data of Ref. [15] show common target
features.

We compared the neutral channels cross sections with
that of all channels obtained from the destruction of H3+.

Tables V and VI give the ratios o.o/o. d' and o.«/o. &'
for all targets. As a general feature, we can observe that
these values do not show any strong target dependence,
in spite of the fact that Z varies from 2 to 54. There is a
weak increase with Z for the first three targets followed
in the xenon case by a decrease in values comparable to
or even lower than the ones for He, this being more visi-
ble for o.

o than for o-».
Finally, concerning only the argon target, we give in

e, + e,+
Table VII the ooo/od' and o.~/o. d' ratios. A slight
increase with velocity could be noted for the former and a
steeper one for the latter. Table VII data also show that
o.

oo is roughly 3 times larger than o.~.
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