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The multiple scattering Xa method seems to be an appropriate tool to handle scattering states
of clusters. We formulate the solution of the scattering problem in the language-used by Johnson
to determine bound states of clusters.

, The Xo potential approximation combined with the multiple scattering method
has turned out to be a very effective and successful computational scheme in determin-
_ ing bound states of polyatomic molecules [1]. JouN and ZiscHE [2, 3] have shown
how to treat scattering states of clusters by this multiple scattering (MS) method,
but the equations they derived can be applied only for potentials constant outside
the — not necessarily spherically symmetric — muffin tin regions (no Watson sphere).
This restriction, however, can be removed as DiLL and DEHMER and ZIESCHE have:
recently pointed out [4, 5. We want to show in this paper, that with a slight modi-
fication of the existing computer programs [6] phase shifts of clusters with Watson
sphere can be determined. Note that the method of JoHNSON and ‘that of Joun and
ZIESCHE are equivalent.

First we summarize the MS method in the muffin tin approximation [1]. The
space is partitioned into regions of three types:

(D Atomic region, consisting of atomic spheres containing an atomic nucleus
-at their center R (p 1,2, ..., N). In the p-th atomic sphere of radius
b, the potential ¥, is taken to be spherlcally symmetric..

"(II) Outer region, defined by |F—R,|=b,, where b, is the radius of the _so
called Watson sphere contalnmg the atomic region and centered at R,.
The potent1a] V, in this region is spherically symmetric.

(ID) Interatomic region, bounded by regions (I) and (III). In this reglon the

volume averaged potentla] is

1%
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The one-electron wave functions of the cluster are the solutlons of the
Schrédinger equation ]
[A+k2—V(@HW =0 ¢))

where k2=F and V(F) is the spherically or volume averaged cluster potential.
Within the p-th atomic sphere the solution can be expanded into partial waves

Yr(F,) = %’ CERP(k; rp)YL(7,) _ ©O=r,=b) )]
where FP=F—R°,,, L=(l, m) énd the functions R,” are solutions of the radial equation
1 d ,2 d +I(l+1)

7 dr

These solutions can be obtained by outward numerical integration as they
must be regular at the center r=0. In the outer region the cluster wave-functions
can be written in the form

YO (Fo) = g Dy R} (k:" ro) YL (Fo) (bo=r0) 4

+VP(r)— kz]R"(k r)-O 3

where 7#,=F—R,, and the functions R{ satisfy the radial-equation (3), but with

Vy(r) instead of V,(r). For bound states the functions Rf must decay exponentially

at large distances, so that R} can be generated by inward numerical integration.
In the interatomic region we can write the solution of Eq(1) in the form

Yul) = 2 Z' ALF ey Yo () + 2 Bo-’:(%'o) Y@ )]
where % =V|E—V| and _
' {k,l,E<I7. ' i,E<V
1= n,,E>I7’ '={jI,E>V (6)

(Here we have used Bessel functions jj, n;, i, ki, as they were used in [1].)
Requiring the continuity of the wave functions and their first derivatives,
we are led to a system of linear homogeneous equations [1]:

2 Z [T-Y(E)IfE- A+ Z SPy (E)BY. =0
2 ZS%'AE"F 25LL'[8 (E)-1BY, =0 -
in which [T~ I(E)]ZL' = 0pp O [P (E) 1+ (1 ~ pp)fo (E)

M

_ [F, Rl s R, .
#® =g rn  TO=1m L

GY¥(E) = 47r2's( " L, L3 E)I;o(L, L')F1n(%R,) Yio (R )

Sty (E) = 4n Z' s(L", L, L'; E)lio(L, L)y (eRp)) Y- (R,)
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: ' , , (=), E<V
Here : | s(L”,L,L"; E) = - ,,_,.’ E=TV

Ui, R, —[Jz( N ﬂ';fr)],

R, =R,—R,; R,=R,—R,

=b,

and ;. (L L’) are the. Gaunt integrals. The cont1nu1ty requires also
= (xb26,(E)[J;, R),,) " AF - {( Y+ E<V g
L—( w0y (E) (i, Riley) B o) = E>v ®
These equations have been programmed and used very efficiently in SCF
calculations treating localized electronic charge distribution of clusters [1].
In the case of scattering states (E=0), the only difference is in the boundary
conditions satisfied by the functions R} at large distances. If the potential Vy(r,)

tends to zero sufficiently rapidly as r, tends to infinity, or, to be more definite, ¥,
vanishes outside a sphere of radius R

Vo(ro) = 0 ro>R>bo

DemMkov and Rupakov [7] have shown that the asymptotlc behaviour of the solution
of Eq. (1) can be characterised by the formula -

Y@ ~ <) ~ 3 Dililkro) —tg bmkold (o) O
where 6 is the phase shift of the cluster. It can be seen, that the appropnate solutlon

of the radial equation (3) in region r,=R is -

’ Ri(ro) = ji(kro)—tg & m(kro), _ 10
and in-region by=r=R ’ , 4

RY(ry) = uy(ry)—tgé v,(ro) by=ry=R, o an

where u(r) and v/r) are determined by inward numerlcal 1ntegrat10n with the
following starting values at ro=R:
. w(R) = ji(kR), u(R) = n(kR),
duy .~ dji(kR) “dv . dny(kr)
dr (R) = dr |er, dr (R) = dr |-z ~

Because the phase shift & enters Eq.(7) via

[, (xr), Rils, - (), wls,— tg d[m, vils,
UiGer), Ry Lits tilog— t8 0Ljts vilsy ~
the secular determinant with constant energy E will not be zero except at certain

values &, of the phase shift. So we obtain a set of solutions {4f,, Bf;}, corresponding
to &,. In this way the solutions ¥, of Eq. (1) can be obtained. Knowing the eigen

&(E, 0 = (12)
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phase shifts 61 and amplitudes DY, we can express for example the scattering
amplitude of the cluster [7]:

Sl R) = 5 3 @ D AR E),

where : : o
40 = o5 2 (~)DLY®) |

We hope that the little modification of existing computer programs needed
to get phase shifts J;, allows to treat with this method physical problems in which
scattering states are of importance. ‘
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WCCIEAOBAHUE CBOBOJHBIX COCTOSHUI KIIACTEPOB
METOJIOM MHOI'OKPATHOI'O PACCESIHUA

H. K. Jvemanm, M. I'. Beneouxm, I'. Ilann u B. Bawsapu
MeroR MHOFOKPAaTHOTO p_aecemx'BMecre ¢ MerooM X, IpeICTaBIIA€TCH NPHIOLHBIM IJIst

HCCNEAOBAHAA CBOGOMHEIX COCTOSHEM KIIACTepoB, Mul chopMymapoBasta npobneMsl paccesHAs HA
AI3bIKEe MPAMEHCHABIM JDROHCOHOM JJisi ONPE/IENIeHrs: CBA3AHHBIX COCTOANMM KITaCTePOB.



