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For many years the fast molecular beam (energy E~1 keV) small-angle (10 - 107
rad) scattering experiments were used to determine repulsive interaction potentials.
Traditionally the collisions in such experiments were considered to be of the elastic
nature. It is usually true for scattering in rare gases but if the colliding particles are
molecules the inelastic processes may take place too. An experimental set up built at
the Institute for Problems in Mechanics of Russian Academy of Sciences measures
not only the scattering angle but the fast particle energy as well. Such experiments
measure the differential cross sections and energy loss spectra that allows to deduce
the elastic and inelastic differential cross sections. A procedure to find the interac-
tion potential from these differential cross sections is proposed.

The paper discusses the problem of ex-
perimental determination of repulsive inter-
action potentials in the 0.1-10 eV energy
range by fast molecular beam scattering
method. It worth mentioning that the fast
molecular beam technique is obviously the
only experimental one giving information
about the repulsive interaction potential in
eV energy range. The collisions in such ex-
periment were traditionally considered to be
the elastic ones. Back in 1977 we found [1]
that the He-N; system differential cross sec-
tion has some peculiarities. Farther investi-
gation [2] demonstrated that such peculiari-
ties were present for many other systems
which include molecules. We put forward a
hypotheses [2], [3] that these peculiarities
were connected to electronic or vibrational
excitation of molecules. To solve this prob-
lem we have designed and built up an ex-
perimental apparatus measuring not only the
scattering angle (differential cross sections)
but also capable of obtaining the energy of
fast scattered particles (energy loss spectra).
The simplified version of this apparatus is

presented in Fig.1. Here 1 is the ion source,
AM - the analyzing magnet, MR — the
modulation area, CC — the charge-exchange
chamber, SC — the scattering chamber, PSD
— the position sensitive detector, PC — the
personal computer. A detailed description of
this apparatus can be found in paper [4], and
very shortly this experimental set up is dis-
cussed in [5].
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Fig. 1. A simplified version of experimental setup.
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As an example of the obtained results the
differential cross sections and the energy loss
spectra for He-N, systems are shown in Figs.
2 and 3 (the reduced coordinates t=60-E and
p=c-6% are used, where 0- is the scattering
angle, o — is the differential cross section).
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Fig.2. Differential cross sections of He-N, system.
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Fig.3. Energy loss spectra of He-N, system.

The measured differential cross section
in Fig.2 (solid squares) is the one which was
measured by the position-sensitive detector
provided by the scattering angle obtained per
every scattered particle. This differential
cross section is a sum of elastic and inelastic
cross sections which can be restored via the
energy loss spectra. The cross sections resto-
ration procedure is based on the amount of
counts in peaks shown in Fig.3 as described
in [6]. Such extracted cross sections are also
shown at Fig.2 (elastic —open circles, inelas-
tic — solid triangles). Such elastic and inelas-
tic differential cross sections make it more
realistic to find the interaction potentials.

The inversion procedure of the repulsive
interaction potential out of the elastic differ-
ential cross sections is considered in terms of
the classical mechanics and is based on the
definition of o(0) differential cross section
for the monotonous function of the scattering
angle 6 on the impact parameter b:

b ()
Bl

p(t) = 1)

The integral cross section for a monoto-
nous 1(b) function is:

Q(z,E) = zb*(r) ()

1(b) is related to V(R) potential by a simple
equation:

TV (R)RdR

NTERTSIR

This equation can be converted to:

7(b)= - —

T (b)db

V(R) = - f () — (4
- R

To calculate the integral (4) Gauss-

Mehler formulas can be used:

2 R/v,
v(Ry= 23 7(£ Uf),
S UJ
2j—1
where U; = €08 T . )
2n

In this respect the problem of V(R) res-
toration is related to finding of © (b) function.
The 1 (b) can be found from p(6) differential
cross section by numerical solution of the
first order differential equation (1):

b2 =bl-2fp(t)dlnr . (6

i
T
The measurements of differential cross
sections are relative therefore we used meas-
urements of absolute integral cross sections
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carried our earlier for detector with the ap-
erture angle of 5 107 rad to restore the ab-
solute b value (2)
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Fig. 4. The dependence of reduced angle T on impact
parameter b for He-N, system.

V, eV i

10 0 3

10 3 ,

TOTTrrTT L B e 2n e B w4

000011520253

# RA
) A
-0.002 4 —t®

Fig.5. The He-N, potential.

Nevertheless the procedure of finding
the interaction potential out of the restored
elastic differential cross section is not that
easy. The point is that the elastically scat-
tered particle can be a subject of two transi-
tions during the collision. First transition
from the ground to excited state at the on-
coming trajectory and the second one from
the excited to ground state when the particles
fly away. Such double transition in this case

distorts the elastic differential cross section
measurement. To overcome this ambiguity
we calculate two 7 (b) functions using for-
mulae (6)— one for elastic and another for
measured p(B). Open circles in Fig.4 show
the He-N; system function t (b) calculated
for elastic differential cross section. Solid
squares demonstrate the function restored
from measured p(0) for the same system.
From Fig.4 one can see that this two depend-
encies begin to differ at the point of 5=1.4 A.
And to the right from this point the function
can be considered to imply only elastic colli-
sions. The V(R) potential inversion needs the
T (b) dependence of up to b—x (see equa-
tion (4)). To solve this problem we decided
to take into account the apriori potentials
found for the well region and the attractive
part (theoretical results [7], [8] for He-N;
and N»-N; systems). The t (b) calculation for
the He-N; potential from [7] is presented by
crosses in Fig.4. The united t (b) curve may
be found from the interpolation curve con-
necting these two parts of the restored and
calculated results (dot lines on Fig.4). The
method allows to gain the 1 (b) function for
the values of & up — o while V(R) is de-
rived using equation (§). The results for He-
N; is presented in Fig.5, and for N»-N, — in
Fig.6. Here 1 is our inversion of high energy
results, 2- is the potential found from the in-
terpolation curve, 3- is the potential from [7]
for He-N; and from [8)] for N,-N;. The po-
tentials 1 and 2 can be approximated by
analytic formulae:

1) for Ne-N,

r

253-exp(-2.95-R) 1.4<R<19A
V(R)=
435.exp(-3.26-R) 19<R <28A

|
2) for Nz-Nz

V(R)=1197 -exp(~2.91- R)
20<R<3.0 A
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Fig.6. The N,-N; potential.

It should be noted in conclusion that the pro-
cedure of inversion the potentials from fast
molecular beam double differential cross sec-
tions measurements is proposed. The potentials

for He-Nj, N3-N; systems are taken as ex-
amples
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Barato pokiB ekcniepumenTy 3 ManokyTosoro (107 - 107 pan) poscitoBanHs mBHAKHX
MONIEKYJIApHUX ITydkiB (eneprit E~1 kxeB) BUKOpHCTOByBamuCsl IUNISI BH3HAYEHHA
BiIITOBXYBaTBHMX MOTEHUiaNB B3aeMoil. TpanuuiliHo BBaXanOCs, 1O 3iTKHEHHS B
TAKUX eKCrepuMeHTax NpyxHi. lle 3a3Budaii mpaBWIBEHO [N iHEpTHUX rasiB, aie
SKIIO B 3ITKHEHHAX OEpYTh Y4acTh MOJICKYJIH, MOXYTb MaTu Micle i HenpyxHi
npouecu. ExcriepuMenTallbHa yCTaHOBKA, CTBOPEHA B JHCTUTYTI npobieM MEXaHiku
Pociifcekoi axapeMii Hayk, BUMIpIOe He TINBKM KYT po3chioBaHHS, a ¥ eHepriio
[IBUAKAX YaCTHHOK. Y TaKUX EKCIEepUMEHTaX BUMIpPIOIOTBCA MidepeHuianbHi
Tiepepi3u Ta CHEKTPH CHEPTETUUHMX BTPAT, IO A€ 3MOTY OTPUMaTH AMbepeHLiatbHi
mepepism  JUIA TPYKHMX 1 HempyxXHHX mnpouecis. IlponoHyerhea mpoueaypa
3HAXOMKEHHA MOTSHIIATY B3aEMOIIT 3 IMX MudepeHLianbHUX Nepepi3is,



