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The long-range behavior of potential energy functions isRef. 5. The values of the coefficientsi[”’m] are found
important in many areas of physics. For example, the longaumerically>’ by solving the system of linear equations
range forces between atoms and molecules are crucial in un-
derstanding Iow-en.ergy. cplhsm’nsand the propert'le's of V(r,-)=_2 a,i[n,m]q[n,m](ri 1) 3)
complexes near dissociatidnUltra-low-energy collisions i=1
are particularly topical because of recent experiments |nvolv
ing atoms and ions in traps, and there is great interest in the
properties of ultracold molecules produced either by buffer- rk
gas cooling or by photoassociation of atoms in a Bose  d™™(r.r) 2 B L (4)
condensaté Properties such as scattering lengths and densi-
ties of states near dissociation can be strongly influenced bgubstituted into Eq(1), this gives the short-range extrapola-
the potential at very long range. It is thus quite important totion of the RP-RKHS potential as
use potential energy functions that have the correct n—1
asympt_otlc behawor. _ _ vinml(p) = 2 dLn,m] rk (5)

An increasingly popular approach to generating potential k=0
energy functions is to carry oab initio or other calculations
on a grid of points and then interpolate between them an
extrapolate beyond them. Many procedures are available for P plnml
this. A particularly attractive interpolation method is the re-  df™™=gi"™ > ——— (6)
ciprocal power reproducing kernel Hilbert spa&P-RKHS =L
approacit,® which was formulated specifically for molecular The RP-RKHS procedure thus gives a potential that extrapo-
potential energy surfaces. However, the RP-RKHS methothtes to short range with a polynomial of order1. In
was not designed for extrapolation at short range, and conypical applicationsn is quite smalloften 2). Since the true
siderable inaccuracies can result if it is used in that way. potential is usually approximately exponential at short range,

The aim of this Note is to analyze the asymptotic prop-the extrapolation of the RP-RKHS potential can be quite
erties of radial functions obtained from RP-RKHS interpola-poor. The procedure should not be used in this way. In situ-
tion and to obtain explicit formulae for their behavior when ations where the repulsive part is importaetg., in scatter-
used to extrapolate at short and long range. The results illusng calculations one should ensure that tiad initio points
trate both the power of the method at long range and theontinue high up the repulsive wall, and not rely on the ex-
dangers of misusing it to extrapolate at short range. We distrapolation to be accurate.
cuss in detail only the one-dimensional case, but the gener- The behavior of the long-range extrapolation is more
alization to multi-dimensional cases is straightforward. satisfactory. Whem>r,, Eq. (2) gives

For a set of points/(r;), wherei=1,2,...p andr,

At short range, n‘r<r1, this gives

(\ﬁvhere

. . . . n-1 k
<r,<---<r, afamily of interpolating RP-RKHS potential [nml e o tnm TP
functionsVI™™ is defined by AN = S 2 Bk ot @)
p and the RP-RKHS extrapolation function has the form
vinml(ry =3, afmMnmier ) (1) )
=1 1tk
nm](r)_z - nn1]+1+k’ ®
and
where
n—1 k
nml(x,x") = = 2 ;
g Xr;H'l kzo 'Bk Xk> nr11+rT:1L]+ ,B[n m 2 ai[n,m] rik (9)

where x_.=min(x,x"), x> =maxkx") and the coefficients are the explicit expressions for the long-range coefficients.
ginm glnml - gl are implicitly given by Eq(17) of  Thus if we require a potential that behavesCag ~™ at long
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FIG. 1. Potential curves for the ground electronic state of He-generated
with the RP-RKHS procedure. The full line is obtained using all &te

FIG. 2. Interpolation errors for He-Ar using different RP-RKHS proce-
dures. Solid line: interpolation with respect t8, usingm=1 andn=2.

initio points; the dashed line is obtained using only poits)<0, and is ~ Dashed line: interpolation with respecttpusingm=0 andn=2.

thus an extrapolation rather than an interpolationrfar2.5 A.

points for which)V(r)<0, which results in the omission of
range, we must use an RP-RKHS function of the typefive points insider=2.5 A. The extrapolated repulsive wall

vInm=1l(r) " Although the correct behavior was noted andis clearly a poor representation of the true potential.
used by Ho and Rabitzfunctions such as&/!™™(r) and At long range, the recommended interpolation procedure
VIn9(r) have been used as RP-RKHS interpolants in othegivescy 1= 0.691% a3 andcy"'=9.97E,ag, from Eq.(9),
such situation&-1° as the RP-RKHS counterparts &, and Cg coefficients,

In order to illustrate the points above, we consider therespectively. These values compare well with the values
example of He-Af, for which potential curves have recently 0.691%ag and 8.1E,ag from Ref. 11. An RP-RKHS func-
been determined by Carringtat al!! The curves correlat-

tion with a different value ofm would not even giver ~
ing with Ar"(?P) can be expressed in terms of sum andbehavior at long range.
difference potentiald/q(r) andV,(r). To provide a set of

4
points for interpolation, we evaluatéy(r) for the MAL1

Interpolation with respect to? usingm=1 andn=2, as

25 A.

recommended here, is much more accurate than with alter-
potential of Carringtoret al!! at a set of points at 0.1 A native values ofn, even inside the range of the points. Fig-
intervals from 2 to 10 A and at 11, 12, 13, 15, 17, 20 andure 2 compares the error for He-Arfrom 12 to 26 A from

our recommended procedure with that from the procedure
The He-Ar" potential has a long-range expansion of theused by Hoet al® and Schatzt al? (i.e., interpolation with
form

respect ta, usingm=0 andn=2). It may be seen that our
recommended procedure gives substantially lower errors.

The maximum error is in fact a factor of 80 000 lower for the
recommended procedure.

V(T)N—F—r—e'f'"‘ (10)
To prevent contamination of the long-range part by odd-  We thank T.-S. Ho, T. Hollebeek and H. Rabitz for valu-
order terms, we recommend interpolating with respecy to able comments on this work.
=r2, Consequently, to obtain the correct leading term we
must setm=1. From the point of view of numerical stability 3. weiner, V. S. Bagnato, S. Zilio, and P. S. Julienne, Rev. Mod. Fiiys.
it is desirable to keem as low as possiblgso we usen 1(1999. _
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