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Within a two-state formalism, a systematic procedure is developed for deriving the differ-
ence between the geode and unI, e&ade state potentials from resonant charge-exchange total
cross sections. It is shown that three potential constants may be derived from (i) the rel-
ative monotonic velocity dependence of the cross sections, (ii) the absolute scaling factor,
and (iii) the frequency of the interference oscillations. The method is applied to the Rb -Rb
and Cs+-Cs experimental cross-section measurements of Perel, Vernon, and Daley. The
difference potential for Rb -Rb is found to exhibit a maximum at 5.6 a.u. with a magnitude
of 3.0 eV. The Cs -Cs data are likewise analyzed and a maximum of 2.3 eV is located at
6.5 a.u. In both cases, the error estimates are about +25%.

INTRODUCTION THEORY

Within the boundaries of the validity of the two-
state approximation and in the low-keV energy
region, it is well established that the difference
potential between the geode and unge~ade ground
states of a symmetric system controls the reso-
nant charge-exchange total cross sections. ' Ex-
perimental measurements, such as those by Perel,
Vernon, and Daley on the Rb and Cs systems, '
may hence be used to deduce information about
this difference potential.

In the above experimental observations, the
cross sections were found to obey the general re-
lationship Q'~' = a —b ln v. The most interesting
aspect, however, was an oscillatory structure
that was seen superimposed upon this monotonic
velocity dependence. This oscillatory structure
may be interpreted by a two-state stationary
phase argument' that predicts its occurrence when-
ever the difference potential between the gexade
and ungexade states exhibits a maximum. This
same concept has been used to predict that oscil-
lations would also appear in the cross sections of
the Li —Li system. 4

The object of this work is to provide a conve-
nient method for analyzing the resonant charge-
exchange cross sections. A systematic procedure
is set up for determining three parameters of the
difference potential from (i) the relative mono-
tonic velocity dependence of the cross sections,
(ii) the absolute scaling factor, and (iii) the fre-
quency of the interference oscillations. A hypo-
thetical test case is examined and explained. Then,
using the methods described within, the Rb -Rb
and Cs -Cs experimental cross sections' are
analyzed. A check is also made by retrieving the
difference potential from Li -Li theoretical cross
sections4 which were calculated by an independent
method.

In the two-state region of validity, the resonant
charge-exchange total cross section is given by'

QOI=
(m/b')Z(2l+ I) sin'(q+ —q ) .

l
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where the semiclassical relation b = (I + —,')/b has
been utilized.

If the difference potential V (x) —V (r) possesses
a maximum or a minimum, interference effects
will arise from collisions at large impact param-
eters, and from collisions Bt a much smaller im-
pact parameter corresponding to the stationary
point. A stationary point occurs specifically when-
ever b, tI(b) possesses a maximum or a minimum.
It is defined as the impact parameter for which
dht)(b)/db is equal to zero. This interference be-
tween collisions from the two impact parameters
will produce an oscillatory structure in the cross
sections. The stationary-phase approximation'
may be employed to determine Eq. (I), yielding'

(, ,
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bo
&& cos[2&r/(b, ) +y], (2)

where b, is the impact parameter at the stationary
point. Q is the monotonic portion of the cross

Here k is the wave number of the colliding system
we have b= pv/I as usual, and t) I are the phase
shifts for the geode and ungexade states. Except
at small impact parameters b and at low velocities,
the difference in phase shifts may be approximated
by'

W(b) =n (b)-n (b)
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section, which may be represented by

(4)

exponential potential of the following functional
forms are utilizeds.

[
2n(1-r/r )

2
n(1-r/re),

e r

(7)
in which b is the Firsov impact parameter, ' for
which l bye~) l = 1/m. (The use of this relationship
has been confirmed by the author to yield q within
+5%%uo of computed cross sections for a variety of
exponential difference potentials. ) The quantity

y of Eq. (3) is equal to —47/for a difference poten-
tial that has a minimum, and is equal to++g for a
difference potential with a maximum.

If a given system possesses a stationary point,
we see from Eq. (2) tha, t

~(b, ) = const &&v (5)

Hence in Eq. (3), the amplitude of the oscillations
will be proportional to v' ', and the frequency will
be proportional to v-'. This is a general relation-
ship which is not dependent upon the functional
forms of V+(r) and V (r)

Recalling the studies on the glory oscillations in
atom-atom scattering, ' one obtains a similar con-
dition for the cross section extrema in the
present case, except that now reference will be
made to the difference potential and the difference
in phase shifts as compared to the one-channel
elastic case. As the velocity is varied, extrema
will occur when the difference in the phase shifts
at the stationary-point impact parameter proceeds
through multiples of &z. Specifically, the extrema
of the cross sections and difference phase shifts
may be parametrized as

Ar/(bo) = + (N ——,)p (6/

TEST CASE

In the test case, functional forms for the poten-
tials of both states should be employed that are
physically reasonable and, for continuity with the
analysis, that also have enough flexibility to fit
the experimental data. Another requirement is
that the number of parameters be kept within the
informational content of the experimental rneasure-
ments. For these reasons both a Morse and an

where N =1, 2, 3, . . . are indices for the maxima,
and N = 1.5, 2. 5, 3. 5, . . . refer to the minima.
[The plus or minus sign of Eq. (6) refers to differ-
ence potentials that have a minimum or a maxi-
mum, respectively. ] If the cross sections are
plotted versus v ' and sequenced in the order above,
a plot of N versus v-' will have an intercept of
—,', and the slope will determine the constant of Eq.
(5) which is composed of all the potential param-
eters. An example will follow in the next sec-
tion.

+( )
n(1-r/re)

e

V (r) —V (r) =Ae (1.0 ——,'e e )

Allowing p =B'b, we obtain for Eq. (2)

&7l(p) = —(A/Bf/v)[pK, (p) —Be 2', (2p)] . (10)

Remembering that the monotonic portion of the
cross sections can be interpreted in terms of the
Firsov impact parameter, we may define a reduced
cross section as

q&/& ( ~&)&/&P (Lv)&/2Bb

with the relationship to Q being

q
1/2 q &/&B —& (12)

+
The repulsive potential V (r) is determinedby the
parameters of V (r). The symmetrical separa
tion at large internuclear separations satisfies
first-order perturbation theory. This criterion
will not be true at small separations. However,
the observable quantity is the difference potential,
and Eqs. (7) are used to justify the plausibility of
utilizing a functional form for the difference po-
tential of a,e ~& —a,e ~&r. Combining Eqs. (7),
we obtain for the difference potential

+ —
) ~ n(1-r/rp) 2n(1- r/re) .

(8)

The parameters D, ~, and re are retained so that
crude estimates can be made about the separated
potentials. The maximum of the difference poten-
tial will occur at r =Rm~ defined by exp(-nRm~/
r ) =2/exp(n), with a value nVm~=4De.

A test case was used in order to check the pre-
dictions of the stationary-phase approximation. Eq.
(3). Here, the phase shifts were computed via Eq.
(2), and the resonant charge exchan-ge total cross
sections were calculated by the use of Eq. (1) (the
stationary-phase approximation was not utilized in
the computations). The input parameters were re
=5. 0 a. u. , ~ =2. 5, De =0. 25 eV, and the reduced
mass J[jt, =843 a. u. A velocity region was scanned,
and the results are presented in Fig. 1.

In the high-velocity limit, however, Eq. (2) may
be solved in closed form for a difference potential
such as Eq. (8). The solution is in terms of mod-
ified Bessel functions of the second kind. ' Rede-
fining Eq. (8) by letting A = 4De e and B = n/re,
we may rewrite the difference potential as
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A reduced phase-shift curve y may be set up (Fig.
2) with

1O'

)~=Pe, (P)--,'e 2PZ; (2P)=-@vB~(P)/A . (13) 10-1

n') (bo) = —(A/BSv)y (14)

In Fig. 2 the numbers 1, 2, 5, . . .within the body
of the graph refer to values of —,'e~ Until very
high velocities, the long-range region of the differ-
ence potential controls the monotonic velocity de-
pendence of the cross sections so that, givenvalues
for A and B, Q may be obtained from the graph
via E'ls. (10)-(12) by determining the values of P
versus velocity which correspond to lz'l(p) I, = 1/v.
At high velocities, however, the value of 0. will
become important and a negative deviation from
the straight line on the Q'" versus lnv will result.
The dashed line on Fig. 1 is from such a determi-
nation.

The oscillatory portion of the cross sections may
now be examined by subtracting Q. Figure 3illus-
trates the plot of Q„- Q versus v-'. Note the re-
ciprocal velocity dependence of the oscillations and
how the envelope of the oscillations increases as the
square root of the velocity. Sequencing the oscil-
lations as described before, we make a plot of N
versus v ' as shown in Fig. 4. Here, the inter-
cept is —', (the stationary-phase theoretical inter-
cept) and the slope yields information about ~)(b)
at its maximum (the stationary point). At the
maximum, E'l. (5) can be written

10-2
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1O-' =

10-5 I I I I I I I I I
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FIG. 2. Plot of X, as defined by Eq. (13), versus P
which is equal to & b.

where pm~ is the reduced phase shift y [Eq. (13)]
defined at the maximum. Since the slope equals
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FIG. 3. Plot of AQ=QO, —Q versus the reciprocal
velocity v . The cross sections are derived from Fig.
1. The indexing numbers N are included at the extrema.
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FIG. 1. Resonant total charge-exchange cross sec-
tions for the test case x, =5.0 a.u. , D, = 0.25 eV, e =2.5,
and p= 843 a.u. The monotonic dashed line is derived
from Eqs. (10)-(12) .

FIG. 4, Illustration of plotting the extrema index
number N versus v for the test case. Note the 8 in-
tercept. This same intercept may also be obtained by
properly indexing the extrema of Ref. 4.
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—Ln(b, )/1/, we have 10'

1/x slope = (/I/Bh')lt
max

at the stationary point, pm~ is governed by z.
The relationship between pm~ and z may be seen
in Fig. 5.

Until very high velocities, the parameter z does
not affect the monotonic portion of the cross sec-
tions. Thus the monotonic velocity dependence of
the cross sections is determined by the long-range
region of the difference potential [Eq. (9)] through
the parameters A and B. The oscillatory structure
yields information about z which, along with A and
B, specifies the maximum of the difference poten-
tial.

The envelopes of the oscillations on Fig. 3 must
also be discussed. The envelopes are obtained
from the coefficient of the cosine function in Eq.
(3). For a difference potential of the form in Eq.
(9), we have

10 "

E
X

10-2

d2~r/(I, ) =-(/IB/hv)[)( ——',e x2p K (2p )]3 A

(16)
in which P, (and hence b, ) is defined by

Z, (p, ) =-'.e Z', (2p, ) .

10 3

G»ph of y a versus the potential param-
eter e. y is equal to y at its stationary point.DlaX

If we substitute in the potential parameters for this
test case, the envelope is equal to 64v' ', as con-
firmed by the calculations.

Furthermore, the often-used relationship"

Q'/2 =/2 —h Inv

is borne out by the linearity of log y versus p for
large P (Fig. 2).

ANALYSIS OF DATA

y = ffvB/mA and pF = (2/1/) '/'B Q'/', for constant val-
ues of A and B. Knowledge of the magnitude of
Q'/2 at some velocity and of its velocity dependence
therefore specifies A and B, the parameters for
the. long-range region of the difference potential.

If Nversusv-' is plotted, the slope will yield
/2 from Fig. 5 and Eq. (15), since the ratio A/B
is known. The various components of A and B
(namely, 2'e, De, and 12) may now be deduced.

The analysis of the experimental data of Perel,
Vernon, and Daley proceeds with the use of the
graphs presented in the previous section. The
square roots of the cross sections are plotted
versus logv, and a monotonic cross-section curve
is drawn through the data. Since, as we saw in
the last section, we have

1/1/= ~(A/Bhv) [P K (P )- ,'e 2P+ (2—P )]j, (19)

ql/2B-1 q 1/2 (~1)1/2p

the plot of y versus p may be used to determine the
ratio A/B and the quantity B.

If at several velocities the square roots of the
cross sections are compared to one another, only
one segment of the y versus p plot will satisfy both

Rb -Rb

The experimental charge-exchange total cross
sections of Perel, Vernon, and Daley' were used
in this analysis. The solid circles of the upper
portion of Fig. 6 are a presentation of the data.
The straight line drawn through the data is in-
tended to be the monotonic portion of the cross
sections. (It is fitted through the high-velocity
data, primarily since they have the highest pre-
cision. At low velocities, however, the line is
within the error bars. ) From the plot of yversus
P (Fig. 2) the values of A/B and B are determined
to be 4. 90 and 0. 379.

A plot of N versus v-' is constructed in Fig. 7
from the published values of the maxima given in
Ref. 2 and this author's estimates of the minima.
There is a slight energy-dependence behavior to
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A final fit to the data is also illustrated by the
curved line in Fig. 6. The magnitude and the
positions of the extrema were evaluated by Eqs.
(16) and (3).

Cs -Cs
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+As in the Rb -Rb system, the data of Perel,
Vernon, and Daley' were used in this analysis.
These measurements, along with the monotonic
portion of the cross sections, are illustrated in
the lower portion of Fig. 6. The derived param-
eters were A/B =4. 90 and B = 0. 361. With the
slope from the%-versus-v-' plot (Fig. 9) equal to
0. 237, we have Xmax=0. 152 and ~ =3.03. The
quantities xe and De were found equal to 8. 39 a. u.
and 0. 58 eV, respectively. The same cautionary
remarks about xe and De apply as above. Table I
lists the various parameters, and Fig. 10 illus-
trates the two potentials.

FIG. 6. Upper graph: The square root of the experi-
mental, solid circles, Rb+-Rb cross sections of Perel,
Vernon, and Daley versus a logarithmic plot of v. Lower

graph: The square root of the experimental Cs+-Cs
cross sections of the same workers, solid circles,
versus a logarithmic plot of v. The straight line in

both cases is the monotonic portion of the cross section,
and the oscillatory one the final fit with the potential
parameters of Table I.

the plot. Therefore, if (N —-„)v is plotted versus
v ', the zero intercept will yield the value for the
slope" to be used in the evaluation of y ax and
hence z. This energy dependence may be attrib-
uted to a slight drift in the experimental measure-
ments" or to the fact that Eq. (2) is a high-velocity
approximation to the %KB phase shifts. As in
low-energy atom-atom scattering, the next order
correction will be —v-'. On the upper portion
of Fig. 7 the deviation from the straight-line slope
is found to be E-'-dependent. The slope of N versus
p-'isfoundtobe equal to 0.285, and, with the values of
A and 8, we have ymax = 0.183 and n = 2.82. The equi-
librium distance for the ground state is xe = '7. 45
a. u. , and its dissociation energy isDe =0. '75 eV.
The stationary-point impact parameter is found
via Eq. (17) to be b, =4. 6 a. u. Nothing can be
surmised about the potentials for t' & b0. In Fig. 8
the two potentials are presented. It must be
pointed out that the quantity determined from the
experimental data is the difference potential, and,
since Eqs. (7) represent crude separations, the
values of De and xe are only qualitative. For the
difference potential we find that Rm~= 5. 62 a. u. ,
and AVm~= 3. 01 eV. The potential parameters
obtained are summarized in Table I.
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I"IG. 7. Lower graph: Plot of N versus v for Rb-
Rb, yielding a slope=0. 285. Upper graph: (N- 8) v

versus v, yielding an intercept equal to 0.285 with an

E dieoff.
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FIG. 8. The internuclear potentials derived from the
Rb -Rb experimental data. The potential parameters
are summarized in Table I.

The difference potential peaks ataslightlylarger
value of internuclear distance than in the Rb case,
with Am+ =6. 47 a. u. and AVm~=2. 32 eV. The
product Rm~~hVm~ is less in the Cs system
than in the Rb system, as is the slope of the N-
versus-v-' plot. In general, from a logical ex-

FIG. 9. On the lower graph, N versus v for Cs -Cs
is plotted yielding a slope of 0.237. On the upper graph,
(N- 8) v versus v is plotted showing an intercept equal
to the 0.237 slope and an E decline.

I I I [ [ I I I

Cs — Cs

TABLE I. Derived potential constants.

(a.u. )max

~V, (eV)

~, (a.u. )

D, (eV)

3,01

7.45

0.75

2.82

0.379

C s+-Cs
This analysis

6.47

2.32

8.39

0.58

3.03

0.361

Smith

7.0

2.0

10.1

0.50

3.92

0.388

0—

aReference 3.
This is the P spectroscopic parameter of G. Herzberg,

Spectra of Diatomic Molecules (D. Van Nostrand, Inc. ,
New York, 1950), 2nd ed. , p. 101. Please do not con-
fuse it with the reduced impact parameter used in the
text.

I I

6
I . I
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I
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FIG. 10. The final internuclear potentials obtained
from the Cs -Cs experimental data. The potential+

parameters are summarized in Table I.
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tension of the atom-atom glory oscillations, and
from Eq. (14), it may be stated that, assuming a
constant curvature of the difference potential (in
this case, constant n) at the maximum, the slope
will be roughly proportional to the Rmax && AVmax
product. "~"

The final fit to the data is shown in Fig. 6. As
before, the magnitude and positions of the extrema
were evaluated via Eqs. (16) and (8).

5
N

4

I I I I I I I I I I

CHECK CASE: Li+- Li

The theoretical calculations4 on Li -Li provide
a check not only on the method but also on the error
limits to be expected for the functionality used in
the difference potential, Eq. (9). The calculations
on the resonant charge-exchange total cross sec-
tions were by formulas different from Eqs. (1) and
(2), and utilized the ab initio potential computa-
tions of Michels. " On Fig. 11 the oscillatory line
is the result of these calculations. The dashed
line is the experimental results of Lorents, Black,
and Heinz. "

A straight line is plotted through the oscillations,
and the parameters A and B are determined as in
the previous section. The values obtained are A
= 3. 02 and B = 0. 474. From the plot of the indexing
numbers for the extrema versus the reciprocal
velocity (Fig. 12) o is found equal to 2. 85. It
should be noted that the & intercept is obtained.

Figure 13 illustrates the retrieved difference

20

19—

I

0 2 4 6 8 10 12 14 16 18 20 22

V- ~ (a.u. )

FIG. 12. The indexing number + is plotted versus
the reciprocal velocity for the oscillations presented in
Pig, 11.

potential with that used in the calculation. The
value of Rm~ = 4. 55 a. u. is 9%%uo low, and the val-
ue of hV =0.175a.u. , is20%low. However, the
curvature of the retrieved difference potential is
greater than that of Michels.

The stationary-point impact parameter was
found equal to 3. 9 a. u. so that no comparison can
be made for r less than this value. If the separa-
tion is made to the potentials given by Eqs. (7),
we have the parameter De = 0. 044 a,.u. , and the
parameter xe = 6. 01 a. u.

As can be seen by Eq. (14), the frequency of
the oscillations will be governed by the difference
potential in the form Aym~/8, which is propor-
tional to the product AVm~xRmaxxa(y), where
a(v) is a parameter determined by the reduced
curvature K at the difference potential maximum. "

18—

17—
0.25.

0.20—

15—
0, 15
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FIG. 11. The oscillatory line represents the theo-
retical calculations of Peek, Green, Perel, and Michels

(Ref. 4) on the Li -Li system. The dashed line is the
experimental values of Lorents, Black, and Heinz

(Ref. 15).

FIG. 13. The difference potential (solid line) which

was retrieved from the theoretical charge-exchange
total cross sections (Ref. 4) via the methods in the text
is shown along with the potential energy differences of
Michels (Ref. 14) from which the cross sections were
calculated.
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As the difference potential maximum becomes
broader, a(v) increases and vice versa. This al-
lows a complete family of curves to fit the oscilla-
tions. The only other constraint is that the long-
range portion of the difference potential must fit
the monotonic velocity dependence of the cross
sections.

In this case, the derived difference potential will
fit the monotonic velocity dependence and the fre-
quency of the oscillations of the cross sections.
The only observable left is the amplitude of the
oscillations. With the parameters from the re-
trieved difference potential and Eqs. (3) and (16),
the envelope of the oscillations is found to be 40. 9
v' '. This agrees almost perfectly with the calcu-
lations.

Since the cross sections contain three, and may-
be four, bits of information, it is unrealistic to
assume that a unique potential can be obtained
from them without more information. However,
it is reasonable to assume that a flexibly param-
etrized form for the difference potential, con-
taining no more parameters than the amount of
information, should return a difference potential
which agrees to within about 25'%%uo with the "true"
difference potential.

SUMMARY AND CONCLUSIONS

A systematic procedure for analyzing the res-
onant total charge-exchange cross sections has
been set up to obtain the difference potential re-
sponsible for the scattering. The monotonic ve-
locity-dependent portions of the experimental
cross sections are employed to obtain information
about the long-range forces. These are combined
with information obtained about the maximum in
the difference potential from the oscillatory struc-
ture of the cross sections to generate a difference
potential over a large range of internuclear sep-
arations.

+
Two systems were analyzed, those of Rb -Rb

and Cs -Cs. It was found that the difference po-+

tential in the Rb system maximized at 5. 62 a. u.
with a magnitude of 3.01 eV. The bowl of the low-
lying state was found to be characterized by xe
= 7. 45 a. u. and De = 0. 75 eV. These last two pa-
rameters are, of course, dependent upona correct
separation of the difference potential into its two
states. Nor information, however, can be implied
about either potential for x& 4.8 a.u.

In the Cs system the maximum occurred at a
slightly greater internuclear separation, Rm~
= 6. 47 a. u. , but with a smaller magnitude, AVm~
= 2. 32 eV. The bowl of the low-lying state could
be parametrized by re =8.39 a. u. and De-0.58
eV. The experimental data did not yield any in-
formation about the potentials for x & 5. 6 a. u.
The potential parameters are in fair agreement
with those of Smith, ' who previously analyzed this
system and found xe = 10. 1 a. u. , De == 0. 50 eV,

Rmax = 7. 0 a. u. , and ~Vmax = 2. 0 eV.
In comparing the slopes of the N-versus-v-'

plots for the two systems, it is noted that the
slope for Rb is greater than that of the Cs system.
A further increase is indicated by the work' on.+Li -Li. If there is a correspondence relation-
ship for the alkalis, it would be expected that the
slopes will be in the following order: Li &Na &K
&Rb&Cs. (Preliminary experimental measure-
ments on the Li and Na systems confirm this
trend. ") Such a relationship implies that, assum-
ing constant curvature at the difference potential
maximum, the product Rmax ~ AVmax will follow
the same order. Since Rmax varies slightly, the
magnitude of b.Vmax will also follow the above
order. This is in agreement with an estimate
(due to Peek et al. ') of the difference potential
for Li -Li in which Rm~=- 5. 0 a. u. and 4Vmax
=-6. 0 eV.

Several cautionary remarks should be made cc:n-
cerning the uniqueness of the difference potential
obtained from the experimental cross sections.
Since the measurements indicate that they follow
the relationships

Q =Q —cvv' cos(dv '+—,'v)

where q = (a - b lnv)'

only four parameters (a, b, c, and d) are necessary
to parametrize the velocity dependence of the
cross sections; hence four bits of information are
contained within them. Since the parameter c is
generally insensitive to reasonable changes in the
difference potential maximum (as is seen in the.+Li -Li comparison) only three parameters may
be justified until much more accurate data is ob-
tained. Within these three, the parameter d yields
information about the difference potential maximum
only in the form of the product AVmaxxRmax
&&a(v), where a(/c) is a factor related to the curva-
ture at the maximum. With this uncertainty added
to the possibility of an incorrect parametrization
of the difference potential [Eq. (9)], this author
would estimate possible errors in the difference
potential to be about +25%%uo. The separated poten-
tials [Eqs. (7) and Figs. 8 and 10] are obtained
from a separation justified only at large inter-
nuclear distances; hence the "true" potentials
may be far removed from those given, particularly
for x &xe. These potentials do, however, make it
possible to give a first estimate for such scattering
phenomena as the differential and total cross sec-
tions. The above uncertainties can be reduced
somewhat only when independent measurements,
such as differential scattering, or accurate ab
initio potential calculations, as in the Li -Li case,
become available.
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Measurements of the total cross section for charge transfer Oio of H, Li, and Na on N2
+ + +

are reported here in the energy range of 25-100 keV. The method used was direct detection
of fast neutral particles that were formed in single charge-transfer collisions. Data for H

on N2 are in excellent agreement with previously published results with 0'io increasing with de-
creasing energy, reaching a value of 1.55 && 10 cm /molecule at 5 keV. From data for Li
and Na+ on N2 &io is observed to increase with increasing energy. The cross section for Na

has a maximum of 1.1 && 10 cm /molecule at about 50 keV, while the cross section for Li+

is still increasing at 100 keV, although an irregularity is observed at approximately 30 keV.

I. INTRODUCTION

Measurements have been reported of the total
cross sections for charge transfer of Li+ and Na+

on N, by Ogurtsov et al. ' in the energy range
-1-30 keV by detecting the fast neutral particles
formed in single charge-transfer collisions. This
method has been used in the present study which
extends the energy range to 100 keV. In addition,
the charge-transfer cross section for H+ on N, by
this method is included. This result is compared
with data reported by other investigators' ' using
other techniques.

The method's main shortcoming is that neutrals
scattered through an angle larger than 1' are not

detected. This can cause the value of the cross
section to be low at low energy, but in the energy
range covered here this does not appear to be the
case. Jones eg g$. ' have measured the contribu-
tion to the total cross section for particles scat-
tered between 0' and 1'. For charge transfer of
noble-gas ions in noble gases, at 25 keV all cases
showed that 96% or more of the total cross section
was contained between 0' and 1, with the excep-
tion of Ne+ on Ar where only 85%%uo was measured
between 0' and 1'.

Section II describes the apparatus and procedure
used to obtain the data. Data are presented and
discussed in Sec. III, and comparisons are made
with data of other investigators. 't'


