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We report high-resolution differential cross-section measurements for the systems H-Ar and D-Ar at a relative

energy of 67 meV. The primary beam is velocity selected (FWHM 10%) and the secondary beam is produced

by a low-temperature source. The experimental resolution allows us to resolve the "fast-oscillation" structure
of the cross section. Our experimental results are compared with the effective cross sections obtained from
potentials recently proposed for these systems. The present data cannot accommodate the potential forms
deduced from two separate measurements of the energy dependence of the total cross section, but are not in

disagreement with the recent theoretical results of Wagner, Das, and Wahl. The sensitivity of the measured

properties to the attractive and to the weakly repulsive parts of the potential is discussed, and we show that a
compensation effect between the two does not allow a unique determination of the potential.

I. INTRODUCTION

The low-energy repulsive interaction and the
Van der Waals minimum have been recently pre-
dicted by a Priori calculations for the simplest at-
om-atom closed-shell He, system' and for the
open-shell H-He, ' H-Ne, ' and H-Ar systems. A
common feature of these interactions is a well of
small depth which contains zero or one bound
state. H-He and He-He have an extremely shallow
well (& s 1 meV) while systems like H with heavier
rare gases have considerably deeper wells (e- 5

meV).
The information on these interactions, derived

from experixnental data, can provide a useful test
of quantum chemical theories. Molecular -beam
scattering experiments are regarded as the most
direct method for investigating the interaction of
systems which do not form a stable coxnpound. '

The best-known system is He„essentially be-
cause scattering, equilibriuxn, and transport data
over an extended energy range have been reported
in the literature. ' The low-energy reyulsive part
up to 0.14 eV, as determined by inversion of high-
resolution total-cross-section measurements, ' is
in good agreement with theoretical calculations'
and with the potential derived from differential-
cross-section experiments. ' At energies smaller
than the well depth the relative differential cross
sections are almost isotropic and are therefore
almost insensitive to the potential, while the total
cross section shows an atomic Ramsauer-Town-
send minimum. Experimental evidence for this
effect and a preliminary analysis were recently
published, ' but a unique determination of the at-
tractive potential seems impossible for "extreme"
quantum systems. "

Experimental data for H-rare-gas systems are

quite limited. The total cross sections are the
main source of information. The repulsion at
small internuclear distance was derived from
high-energy data. "'" Some indication of the
strength parameter of the potential er (r is the
equilibrium separation distance) is given by the
pioneering experiment of Fluendy et al." More
recent scattering experiments at thermal ener-
gies' '" were analyzed with two or three param-
eter potentials. Because of the lack of structure
of these measurements, the analysis is greatly af-
fected by the error in the determination of the ab-
solute cross section. More information can be de-
rived from high-resolution total —cross-section
experiments at lower energies where the quantum
system H-He undergoes a Ramsauer-Townsend ef-
fect" and the more classical H-heavier-rare-gas
systems show orbiting" and possibly glory struc-
ture, or from high-resolution differential-cross-
section experiments at thermal energies.

Until now high-resolution differential measure-
ments were not performed because of experimental
problems in the production, velocity selection, and
detection of atomic hydrogen beams. We have re-
cently developed experimental techniques which
allow us to resolve clearly the predicted fast quan-
tum oscillations of the differential cross section. "
Preliminary results for H-H, and D-H, were pre-
viously reported. " In this paper we present some
data for the systems H-Ar and D-Ar. Our experi-
mental results are compared with the effective
cross sections obtained from potentials recently
proposed for these systems. A new potential is
suggested.

II. EXPERIMENTAL SETUP

A schematic diagram of the apparatus is shown
in Fig. 1. An atomic beaxn of hydrogen or deu-
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terium is produced by the rf source S (diameter
0.4 mm, pressure 0.5 torr, measured degree of
dissociation better than 9',). The atomic beam,
chopped (20 Hz) and velocity selected by a mag-
netic lens system ML, crosses at right angles the
secondary beam produced by a multichannel effu-
sive source A at a temperature of about 100'K.
The dimensions of the scattering volume are ap-
proximately 1.5x1.5x3.5 mm; the two equal di-
mensions are determined by the collimator Q, of
the primary beam while the greater one, along the
primary beam direction, is given by the dimension
of the secondary source.

The scattered atoms are detected with the bolo-
meter B (width 0.3 mm, height 3 mm) cooled at
1.6'K. The detector can be rotated around the
direction of the secondary beam and is located 60
mm from the center of the scattering volume. Sig-
nal integration is performed with standard lock-in
techniques.

Full experimental details will be published in the
future. We briefly outline the three main tech-
niques employed in this experiment.

A. Magnetic velocity selector

A velocity filter is realized using the focusing
effect of an hexapolar magnetic field on paramag-
netic atoms. At high field strengths (B& 1.5 kG for
H atoms) the radial motion of the atomic hydrogen
with electron spin antiparallel to the field direction
is harmonic with frequency, "

v =—(2gsB&/ma )'~',1
(1)

where p, ~ is the Bohr magneton, m is the atomic

f g 2N

c2 Ci

L2

FIG. 2. Trajectories of particles of atomic hydrogen
(or deuterium) in the hexapolar magnetic field. Solid
lines correspond to the focused velocity, dashed lines
to a nonfocused velocity. The lateral dimensions are
greatly exaggerated. The geometry and characteristics
of the velocity filter are reported in Table I ~

mass, z is the radial distance from the symmetry
axis of the field of the expansion tip, and Bo is the
magnetic field at distance g.

Figure 2 shows in a meridian plane (a plane
which contains the symmetry axis) the trajecto-
ries of particles emitted from a point source S lo-
cated on the axis. For paraxial trajectories the
wavelength in the field region

A =2va(ElpsB, )'~' (2)

depends on the energy and is independent of the
mass of the particles. Atoms emitted by S with
different velocities are focused at different points
on the axis. The collimator C, selects particles
with velocities in a given interval. Table I reports
the relevant dimensions and characteristics of the
energy filter.

The choice of equal free-flight distances L, and

L, fixes the angular divergence of the velocity-
selected beam to be equal to the divergence (con-
trolled by the collimator C, ) of the beam entering
the magnet. For a given experimental condition
the nominal focused velocity v, is determined by

TABLE I. Relevant dimensions and characteristics of
the atomic beam energy filter.
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FIG. 1. Experimental apparatus. S is the rf discharge
primary source, C the compressed-air cooling, 6 the
gas inlet, ML the energy filter, C3 the exit collimator
of the energy filter, Ch the chopper, A the secondary
source, H the heater, P the cryopump, He the liquid-
helium bath, N2 the liquid-nitrogen bath, R the radiation
shield, and B the bolometer detector.
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L2
Lp
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Bp
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R
T
aa,
402

diameter
diameter
diameter
distance
distance
length of magnet
gap radius of magnet
magnetic field at a
most probable velocity (H)
most probable velocity g))
velocity resolution
transmission (estimated)
beam divergence (H)
beam divergence (H2)

0.28 mm
2.1 mm
0.28 mm
75 mm
75 mm
75 mm
1.55 mm
7800 6
3600 m/sec
2560 m/sec
1O%
50%
5.3 10 4 sr
1.21O ' sr
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the ratio L,/L„where L, is the length of the mag-
net; in our case we choose the experimental pa-
t.ameter such that the transmitted velocity almost
coincides with the most probable velocity of the
Maxwellian beam produced by the rf source S. The
velocity resolution is given in a first approximation
by d, /d„where d, and d, are the diameters of the
collimators C, and C,.

Figure 3 shows the velocity distribution mea-
sured by a slotted-disk velocity selector of 8.5%
resolution using a bolometer detector. " The actu-
al velocity resolution of the beam is about 10%%uz if
the selector convolution is taken into account. The
most probable velocity is determined with an error
of 0.5% using a symmetric selector. "

The velocity-selected beam has an intensity
greater than 10"atoms sr ' sec ' and a divergence
~Q, of 5.3 10-' sr. We estimate an intensity gain
of about 50 with respect to a mechanically selected
beam with equal velocity resolution and equal area
in the scattering region.

The energy filter also purifies the beam from
molecular hydrogen; the beam of undissociated
hydrogen has its divergence ~Q, determined by the
small aperture collimator C„and the sensitivity
of the detector is about 20 times smaller for H,
than for II beams. " The signal measured by the
bolometer with the rf discharge off is about three
orders of magnitude smaller than the signal with
the rf on. Taking into account the dissociation

.5—

degree of the source, we estimate that in the con-
dition of the present experiment the Maxwellian
beam of molecular hydrogen gives a signal about
104 times smaller than the velocity-selected H

beam.

B. Secondary beam

The secondary beam is produced by a glass
multichannel source of 1.5x3.0 mm (the greater
dimension is in the direction of the primary beam).
The source is thermally connected to the liquid-
nitrogen bath and its temperature, measured with
a, Au-Fe-Chromel thermocouple, can be controlled
by the heater P.

The secondary beam can be displaced perpendic-
ular to the primary beam in order to optimize the
scattering rate. A typical attenuation is 39%%uo with
a negligible contribution from the background gas.
No signal is detected at various angles when the
secondary source is several millimeters away
from the primary beam. The unusual high atten-
uations with negligible effect from the background
are due to the high pumping efficiency of the direc-
tional cryopump P maintained at a temperature of
1.6'K.

C. Detector

The detector is a commercially available 0.3x3
mm germanium bolometer (manufactured by
Infrared Laboratory Inc. ), which at the operating
temperature of 1.6'K has a noise-equivalent power
of ]0 WHz

This bolometer is a very sensitive detector for
atomic hydrogen because the H atoms can either
recombine on its surface or react with adsorbed
molecules, releasing to the surface an energy
which can be as large as 2.10 "J/atom. Under
the best conditions a beam of 5.10' atoms/sec gives
a signal equal to the noise.

previous experiments" on the responsivity of
these bolometers to the H beams showed that a
layer of oxygen molecules on its surface favors
the recombination processes. The bolometer sur-
face is therefore continuously covered at a rate of
about 10-' layer/sec by means of an auxiliary mo-
lecular oxygen beam. This also prevents surface
changes which may arise either from adsorption of
molecules of the target or from chemical reac-
tions. In this way the maximum sensitivity coupled
with a stable signal is achieved.

Xx*1
3000

I
*

i

4000 v(m/sec)

FIG. 3. Measured intensity I of the beam transmitted
by the magnetic filter as a function of the velocity v.

III. RESULTS

Experimental results for H-Ar and D-Ar are re-
ported in Fig. 4. The experimental resolution al-
lows us to resolve the fast oscillations of the dif-
ferential cross section. The angular separation
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E, =-,'[m, m, j(m, +m, )](v', +P, ), (4)

where my vy and m„v, are the mass and the mean
velocity of the primary and secondary beams, re-
spectively. The quantity K= —,'m, v, is equal for the
two systems because the hexapole behaves as an
energy filter. The small difference in the relative
energies for the two systems is due to the small
difference between the reduced mass g and the pri-
mary mass m, and to a small contribution. of the
secondary beam to the relative velocity.

The measured effective differential cross sec-
tions I (6), reported in Fig. 4, a.re the averages of
some runs performed on different days. The error
bar of each point g (8) is the maximum difference
between individual cross sections. Errors at
small angles are due to the strong signal depen-
dence on the angular position.

An individual cross section is the difference of
the signal with secondary beam on (S) and off (S,),
respectively. The background signal S, is always
less than 2()% of the total signal S.

A run of 20 angular positions is measured in

about —,
' h. All the experimental values are correc-

ted for a drift smaller than 1(@ h ' and averaged
over two successive runs with increasing and de-
creasing angular positions, respectively. The pri-
mary beam attenuation is of the order of 3+. At-

between two successive extrema, of the order of
some degrees, is proportional to the inverse of the
reduced mass p. and of the relative velocity v, in
agreement with the approximate equation'4

n, e =at/pvr„

where ro is the point where the potential is zero.
The relative collision energies for the two sys-

tems are almost equal (67.4 meV for H-Ar and

66.1 for D-Ar). They are calculated with the equa-
tion

tenuations ranging from 1+ to 5+ do not affect
the behavior of the experimental curves.

IV. ANALYSIS

For an assumed potential, differential cross sec-
tions are calculated by the partial-wave method us-
ing the JWKB approximation for phase shifts in-
stead of the quantum-mechanical numerical inte-
gration of the radial Schrodinger equation. We
checked that this approximation does not affect the
analysis described below.

Calculated cross sections are converted into the
laboratory system using Helbing's formulas" and
averaged over the experimental conditions. The
averaging is performed both over the velocity dis-
tribution and the angular divergence of the primary
beam and over the scattering volume. Moreover,
we have checked that the velocity distribution, the
divergence of the secondary beam, and the detec
tor dimensions give negligible contribution to the
cross-section smearing.

We emphasize that in our experimental condi-
tions the cross-section smearing essentially stems
from well-known velocity distribution and angular
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FIG. 4. Differential-cross-section measurements in
arbitrary units as a function of the laboratory angle for
H-Ar (left-hand side) and for D-Ar (right-hand side).

FIG. 5. H-Ar potential-energy curves. P1 (—~ ~ ~ -)
and P2 (——) are derived from the experiment of Aqui-
lanti et al. (Ref. 14); G1 (——) and G2 ( ) from the
experiment of Bickes et al. (Ref. 15); MCSCF ( ~ ),
SCFCS (——-), and SCFC6 (- ~ ~ ~ ~ —) are the three
theoretical potentials of Wagner et al. (Ref. 4).
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TABLE II. Most relevant potential parameters and K~
value [ see Eq. (7)] normalized to the BF potential (K&).

Potential e (meV) r (A) ro (L) K& Ref.

G1 LJ (12-6)
G2 exp (0, , 6)
P1 LJ (12-6)
P2 LJ (8-6)
MCSC F
SCFC8
SCFC6

4.73
4.80
3.56
2.06
4.16
3.72
1.85

3.54
3.56
4.00
4.40
3.57
3.60
3.94

3.15 2.35 15
3.17 1.90 15
3.56 34.8 14
3.80 52.8 14
3.10 1.86 4
313 181 4
3 47 17 5 4

BF modified
MCSCF 4.16 3.62 3.15

This
1 ~ 00 work

divergence of the primary beam, while the smear-
ing is generally determined by the secondary beam
whose characteristics are difficult to measure.

V. COMPARISON WITH PREVIOUS WORK

A. Experimental studies

The best-fit potentials derived from total —col-
lision-cross-section measurements at thermal en-
ergies'4 ~" are reported in Fig. 5. Values of po-
tential parameters are reported in Table II.

Two different analytical forms are used in the
above references, a two-parameter Lennard-Jones
(LJ) model,

V(r) =[6e/(n —6)][(r /r) ——,
' n(r /t')'], (5)

and a three-parameter Slater-Buckingham exp(o. , 6)
model,

Potentials derived in Ref. 15 generate cross sec-
tions in fairly good agreement with our data (see
Fig. 6). In particular the location of the extrema
are predicted with great accuracy, but the experi-
mental points are lower than the computed curves
at small angles and the relative heights of extrema
are inaccurately reproduced.

The two best-fit potentials of Ref. 15—a LJ
(12-6) and an exp(o, , 6), hereafter referred to as
Gi and G2, respectively —are almost equal and
therefore give similar cross sections. For clarity
only the exponential curve is reported in Fig. 6.

The two potentials LJ (12-6) and LJ (6-6), pro-
posed in Ref. 14, yield cross sections in disagree-
ment with our data. The calculated extrema are
shifted at very small angles and a smaller x, value
is needed to reproduce the extrema positions. A

reduction of r, implies a reduction of the absolute
total cross section (roughly ao/&r =26,rJr, ) in better
agreement with the absolute value measured by
Bickes et gl.

B. Theoretical studies

The H-Ar interaction at intermediate and long-
range separation was recently calculated by
Wagner, Das, and Wahl4 with multiconfiguration
self-consistent field (MCSCF) techniques previ-
ously used for systems with a considerably weaker
interaction.

The interaction is computed at five internuclear

100—

10—

FIG. 6. Experimental
points (~) compared with
the effective differential
cross sections calculated
with the potentials derived
from total-cross-section
experiments. (- -- ) pot.
G2, (- ——-) pot. Pl,
(—~ ——) pot. P2. Poten-
tial parameters are re-
ported in Table II.

I

50
I

100
I

150
I

200
e

I

50
I

100
I

150
I

200



H-Ar POTENTIAL FROM HIGH-RESOLUTION DIFFERENTIAL. . . 589

FIG. 7. Experimental
points (~ ) compaxed with
effective differential cross
sections calculated with the
theoretical potentials.
( ) MCSCF, (—' —)
SCFC6, (- ——-}SCFCS.
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distances. The C, and C, values derived by the dis-
persion terms of this potential are in good agree-
ment with long-range theoretical calculations. "

These authors suggest an analytical form
(MCSCF potential) which fits the calculated values
and assume an exponential repulsion. They pro-
pose also two approximate analytical potential
curves (SCFC6 and SCFC8 using their notations)
which fit the sum of the self-consistent-field part
of the interaction and the dispersion energy ob-
tained with negligible overlap effect. The SCFC6

potential contains only the C, term; the SCFC8 po-
tential contains both the C, and C, terms.

The three potentials are reported in Fig. 5 and
their most relevant parameters are given in Table
II. The SCFC8 is similar to the MCSCF, but with a
well depth 1(F70 smaller. The SCFC6 is quite dif-
ferent, indicating that the C,-term contribution is
important at intermediate distances.

Effective differential cross sections generated by
these potentials are reported in Fig. V. The
MCSCF curves reproduce our data quite well but

FIG. 8. Effective differ-
ential cross sections cal-
culated with LJ (12-6) po-
tentials with equal-strength
parameter or (16.9 meV
A). ( ) r„=3.54 A,
(----) ~ =342 A (- ~ -)

fg
'I

7

r =3.66 A.
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do not predict accurately the extrema positions for
D-Ar in particular. The SCFC8 curves are simi-
lar, but the relative heights of the undulations are
better fitted by the MCSCF potential.

VI. DISCUSSION

The angular positions of the fast undulations are
mainly determined by the potential-range param-
eter r„ in agreement with Eq. 3.

In Fig. 8 the present measurements are com-
pared to the effective differential cross sections,
assuming LJ (12-6) potentials with equal strength
parameter. The solid curve is calculated by us-
ing potential parameters derived from the total-
cross-section measurements of Bickes et gl."and
the other two curves by using r values within the
error limit given in their analysis. This figure is
an example of the general fact that once an analyt-
ical form of the potential is assumed the present
type of experiments greatly reduces the error lim-
its of the parameter r, determined from total—
cross-section measurements. Moreover, as far
as the LJ (12-6) family of potentials is concerned,
it is possible to reproduce angular positions of ex-
trema (see solid curve) but not their relative am-

plitudes.
The influence of the negative and positive parts

of the potential on the present data have been test-
ed separately. Some trial potentials with equal re-
pulsive and varying attractive parts (see Fig. 9) or
equal attractive and varying repulsive parts (see
Fig. 10) have been used. All the trial potentials
have an exponential behavior for the repulsive part
which is connected at the same r, to an attractive
LJ (12-6) function or to a LJ (12-6) with one Gaus-
sian modification. " Effective differential cross
sections generated by these potentials are reported
in Figs. 11 and 12, respectively. The analysis of
these curves shows the following:

(a,) The positions of the undulations in the inves-
tigated angular range are almost insensitive to the
attractive and repulsive parts of the potential.
Only the maximum located at about 20' of the D-Ar
system is weakly sensitive to realistic modifica-
tions in the attractive part of the potential. There-
fore the x, value, determined from the measured
extrema, is essentially model independent.

(b) The cross sections at small angles are
strongly influenced by the attraction and are in-
sensitive to the repulsion. The form of the shoul-
der between 5' and 10', measured with high

100
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2.0

I

3.0
I

4.0 R [A] 5.0

FIG. 9. Trial H-Ar potential-energy curves (see text). FIG. 10. Trial H-Ar potential-energy curves (see text).
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FIG. 11. Effective cross
sections calculated with the
potentials plotted with the
saxne symbols in Fig. 9.

I

50 %4
I

50

accuracy since the scattered intensities are high
at these angles, may provide valuable information
on the attractive interaction.

(c) The repulsive part of the potential has a
greater influence on the 0-Ar than on the 8-Ar
system.

(d) The relative heights of the undulations and
background cross sections are influenced both by
the attraction and by the repulsion. It is possible
to obtain almost coincident relative differential

cross sections with a suitable variation of both the
attractive am@ repulsive parts of a given potential.
Figure 13 reports almost coincident cross sections
with the potentials plotted in Fig. 14, which are
definitely different. Some differences at small an-
gles are within the limits of experimental errors.
The two cross sections are normalized because
only relative measurements were performed; an
absolute determination could discriminate between
the curves.

100—

N
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A5

FIG. 12. Effective cross
sections calculated with the
potentials plotted with the
same symbols in Fig. 10.
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100—

FIG. 13. Effective cross
section calculated with the
potentials plotted with the
same symbols in Fig. 14.
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FIG. 14. Trial H-Ar potential-energy curves (see text).

A variety of about 30 numerical or analytical po-
tentials has been used, the successive modifica-
tions on the potentials being guided by the discus-
sion previously reported.

The quantity

Q.rr(Br) -&f(Br) '
Ap(Br )

where A is the normalization parameter between
the relative experimental intensity l(B) and the cal-
culated effective cross section Q„.,(8), and where
}r,(8) is the experimental error previously defined,
is calculated for the systems H-Ar and D-Ar sep-
arately. The sum of the two K values (K, ) gives an
indication of the validity of the fit. We note that
the D-Ar data are more sensitive to the interaction
potential than the H-Ar data because the experi-
mental errors are smaller and more extrema are
resolved for the heavier system.

We have not performed an automatic variation of
the potential parameters in order to minimize K,
for two reasons: The experimental error is not the
standard deviation of the measured intensities at
each angle, so that statistical methods cannot be
applied, and as suggested in the previous discus-
sion, the measured properties cannot determine
uniquely the potential form (see Figs. 13 and 14).

For a preliminary analysis a two-parameter LJ
(12-6) potential was used but it does not prove suf-
ficiently Qexible to reproduce high-quality differ-
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ential —cross-section measurements. "
Small modifications of the MCSCF potential pro-

posed in Ref. 4 may improve the fit to our data.
Figure 15 shows the best fit we have obtained; the
calculated effective cross sections reproduce the
D-Ar data very well and the H-Ar data fairly well.
For the latter system the positions of the extrema
and the background cross section are correct but
the calculated relative amplitude of the extrema
are too high. This discrepancy is present in all of
the realistic potentials we have used.

The best-fit (BF) potential plotted in Fig. 16 is a
modified MCSCF with an internuclear separation
scale expanded 1.4% with respect to the original
MCSCF and with an unchanged energy scale (see
Table II). An equivalent fit can be obtained with

proper simultaneous modifications both of the at-
tractive and of the repulsive parts of the interac-
tion (see Fig. 14). In Fig. 16 two potentials (Bl
and 232) which give almost equivalent fit are also
plotted; the K, values for these two potentials are
respectively 1.1 and 1.3 times greater than the K,
value for the BF potential.

The error in the determination of ro is 0.03 A,
a factor 5 times smaller than the error derived
from total-cross -section experiments.

The MCSCF potential has an r, value which is too
small to reproduce the position of the extrema, but
an expansion of 1.4$ in the internuclear distance
gives the BF potential. The analytical form pro-
posed by Wagner et al.' in order to fit the theoret-
ical values calculated in the well region therefore
seems adequate to reproduce the interaction.

We have shown that different potential shapes
can give almost equivalent cross sections. To
better define a choice of the H-Ar potential, fur-
ther experimental and theoretical work is needed.
High-resolution differential-cross -section mea-
surements at different energies and over an ex-
tended angular range will improve the knowledge
of the H-Ar interaction.

Differential-cross-section measurements with a
limited and known experimental smearing on sys-
tems with a small well capacity also seem suitable
for testing quantum-inversion methods. "

VII. CONCLUSIONS

The two-parameter LJ-(12-6)-potential form, as
deduced from the measurements of the energy de-
pendence of the total collision cross section, is not
flexible enough to reproduce our data. In fact, if
the repulsive part of the BF potential is changed
to agree with the best fit LJ(12-6) derived in Ref.
15, the attractive well must be even shallower (see
Fig. 16).

The zero of the potential is the quantity most
sensitive to the present data. The BF potential has
an rp value equal to 3 .15 A; the G 1 potential has
the same ro This result suggests that the present
measurements are highly consistent with the total-
cross-section experiments of Ref. 15.

3.0
1

48 R [A] M

I I I I

5 % %O SP e
I I I I

So 'Io %4 20

FIG. 15. Best-fit effective differential-cross- section
curves. Best-fit potential is plotted in Fig. 16.

FIG. 16. Best-fit potential ( ) compared with the
LJ (12-6) potential (Gl) derived from total-cross-section
measurements of Ref. 15 (——) and with B1 (——)
and B2 (.. ..) potentials which give an almost equivalent
fit (see text).
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